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eINCE the invention of gunpowder, 
D fortification has received various im- 
provements, and many have been the books 
wrote upon this ſubject, which might incline 
one to think, that it was arrived to its ut- 
moſt perfection; but upon an impartial ſur- 
vey of molt of the writers, it will be found, 
if I miſtake not, that many of them are de- 
ficient either in theory or practice, and others 
blinded by prejudice, ſo that there is much 
room left to exerciſe the genius and excite 
the induſtry of thoſe whoſe buſineſs leads 
them to this ſtudy ; beſides, as the art of 
attacking received ſeveral improvements in 
the late wars, it ſhould follow that the art 
of fortifying requires likewiſe improvements 
in proportion. 

Not a few authors have proceeded upon 
maxims, ſome of which are uncertain, others 
trifling, and they have often neglected thoſe 
which are ſelf-evident ; this together with 
their adopting ſome favourite ſcheme has re- 
tarded its progreſs, | 
| &A.2: Per- 


PREFACE, 

Particular care ſhould be taken, in tracing 
plans on paper, to know whether they are 
practicable or not; which has been neglect- 
ed by many, even by ſome of thoſe who are 
generally eſteemed the beſt writers. 

Some think it ſufficient, that they make 
ſchemes, with a great many outworks upon 
outworks, ſo as theſe works defend each 
other ; without conſidering whether the town 
thus ſurrounded is ſpacious enough to hold, 
beſides the inhabitants, a gariſon ſufficient to 
defend it: or the expence it would require to 
maintain them, and likewiſe the neceſſary 
ſtores: it is true they never fail to tell you 
that they have ſome ſecret, which enables 
them to build for half the coſt that others do. 

Notwithſtanding the art of fortifying irre- 
gular places is moſt uſeful, yet no author 
whom I know has given the leaſt hint or 
direction whereby to judge of the advantage 
or diſadvantage of the ſeveral parts of ſuch a 
place: all they do conſiſts in giving ſome 
ſchemes of their own fancy, and telling us 
no work ought to be made without being 
defended by ſome other; not conſidering, 
that although the parts defend each other, 
there may be ſome which are much ſwonger 
than others. 


For 
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PREFACE. 


For the true art conſiſts in making an irre- 
gular fortification every where equally ſtrong, 
which they ſeemed to be ignorant of, or if 
they knew it, they could not diſtinguiſh the 
ſtrong from the weak. 


The commentators on M. Vauban's me- 
thods, who are fo laviſh in his praiſes, do 
not mention any thing of -his way of for- 


tifying irregular places; although he under- 
ſtood it better than any one, as appears by 
a great many examples of this kind; nei- 
ther has any of them ſhewn why he made 


always the exterior fide next to a river much 


longer than any other, as may be be ſeen in 
the plans of Hunningen and Sarrelouis; yet 
it is unqueſtionable that a man of ſo much 
experience had fome very good reaſons for 


what he did. 


The very ſame miſtake is made with re- 


gard to M. Coeborn, by thoſe who praife him 
to the ſkies, on account of his treatiſe which 


he publiſhed before he had acquired that 
great experience, for which he was ſo juſtly 


eſteemed in his latter years; and it is an un- 


doubted proof that he himfelf was of the 
fame opinion afterwards, ſince he did not 
uſe any of the methods publiſhed in his book, 


when he fortified Bergen-op-200m and part of 
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PRE F A C E. 
Manheim : had he left us in writing that 


knowledge which he acquired by his great 


experience, it would have undoubtedly been 
worthy of ſo great a man, and would have 
perfectly juſtified the high opinion the world 
conceived of him. 


It will not be improper to mention Da- 
niel Specle, who publiſhed a book of fortifi- 


cation in the year 1589 at Straſbourg in 


the German language, which M. Coehorn has 
chiefly followed, as may be ſeen by compar- 
ing their works; and D#lichius, who pub- 


liſhed his Hiterbologia i in the year 1640, at 


Pranckfurt on the Main in German and Latin, 
was followed by M. Vauban ; ſince there is 


nothing in this author, belides his concave 


flanks, but what is to be found in the 
other. 

Theſe two German authors were undoubt- 
edly the 'beſt in their times, and as it were 
the fountains from which the preſent me- 
thods are derived : the few improvements 
made ſince are ſufficient proofs of their ſkill, 
and at the ſame time of the barrenneſs of in- 
vention of thoſe ſince. 

As M. Vauban's methods are now moſt 
in vogue, and chiefly uſed all over Europe ; 
we thought it would not be improper to ex- 

| plain 


P-R-EFA CHE; 
plain them firſt, and after his, thoſe of M. 


Coehorn, which are next in eſteem ; and then 
lay down ſome principles, whereby the ad- 
vantage or diſadvantage of a fortification may 
be known; after this, we have examined 
their methods in each part ſeparately, and 
pointed out their ſeveral deficiencies, and after- 
wards have given ſome of the ſame works 
with proper corrections. 

Then we propoſe three different methods, 
which we hope are not altogether to be de- 
ſpiſed, and which we think might be uſed 
according to the different ſituations and im- 
portance of places: this with the conſtructions 
of ſome of the moſt celebrated authors, and 
their examination, finiſhes the regular part of 
fortification. 

We begin the irregular, by ſhewing how 
a place that cannot be made regular, may be 
made ſo as one half may be ſimilar and equal 
to the other half; then we inquire which part 
of ſuch a fortification is ſtrongeſt and which 
is weakeſt; theſe principles, which are de- 
monſtrable, ſerve to judge of the weakeſt 
and ſtrongeſt part of any irregular fortifica- 
tion whatſoever; and for a farther confirma- 
tion of the truth of them, we refer the reader 
to ſeveral places in Flanders fortified. by the 

greateſt 
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PREPACE 
greateſt maſters, and which agree exactly 
wth what we have advanced, 
As the greateſt ſtrength of this and all ma- 
ritime. nations, conſiſts in traffic, and as 
fortified places which lie near rivers, 
lakes, creeks, or the ſea, chiefly ſerve to 
protect and promote trade, we have dwelled 
upon and explained their conſtructions in a 
more particular manner, and nothing has 
been omitted that could be thought of, which 
might any ways contribute to the right un- 
derſtanding this ſubject. 
Several examples are given, in order to 
ſhew, how and in what manner the reader 
may proceed, if he finds himſelf employed 
in the conſtruction of ſuch places; the ſe- 
veral advantages and diſadvantages of their 
ſituations are carefully examined, and thoſe 
which require leaſt expence to fortify, and 
are moſt convenient in other reſpects, are 
diſtinguiſhed ; for a further explanation we 
have examined ſeveral ſea-port towns, and 
pointed out thoſe which deſerve to be imita- 
ted, and others, which ſhould be avoided, 
the plan-of Toulon with its harbour is in- 
ſerted, as being one of the beſt in Europe: 
laſtly, we have given the principal conditions 
in the conſtruction of ſuch places. 
Having 


FREFACE 


Having thus far explained the ſeveral parts of 
irregular fortification, we proceed to ſhew 
how citadels are to be joined to places 
and the faults committed in ſome of the fineſt 
in Europe are pointed out ; the work con- 
cludes with the manner of building forts, 
where particular notice has been taken of 
the methods generally followed in the build- 
ing of ſuch works, near rivers and the ſen, 
and ſhewntheir ill conſequences; as this ſubject 
is very important to this nation on account of 
the many forts we have and daily build, fo 
we have endeavoured to point out the moſt 
proper manner, in which they ſhould be 
made. 

The preſent undertaking contains the theo- 
retical part of fortification only, we reſerve the 
practical one for another volume, where every 
part ſhall be fully and particularly explained: 
We ſhall finiſh by begging the reader's indul- 
gence, in regard to the language, which we 
could not promiſe ourſelves to write with the 
purity of an Engliſoman born. 
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SECT. I. 
Of practical Geometry. 


DEFINITIONS. 


x TENSION is diſtinguiſhed plate A; 


into length, chreadth, and thickneſs, 
which arg, called dimenſions. 


2. A line has only length, as AB. 
3. The terms or bounds of a line are call- 
ed points, and have no dimenſions. 


3 ſurface has length and breadth only, 


as C. 


The bounds of a ſurface are lines. 
B 8. 


THE ELEMENTS 4 

5. A ſolid has length, breadth, and thick- 
neſs, as D. 

The bounds of a ſolid are ſurfaces | 
6. A right-line is the ſhorteſt that can be 
drawn from one point to another. 

. Parallel lines are thoſe which are eve- 
ry where equidiſtant, although produced ad in- 
amtum;'as AB, C. E 

8. A plane ſurface is that which lies 
evenly between its bounds, and agrees with a 
right line placed on it according to any po- 

lition. 
2..Fne opening of two lines, which meet 
each other in a point, is called an angle, 
aA: -. | 
N. B. An angle is generally expreſſed by 
three letters as BCD, with the letter expreſ- 
ſing the angular point in the middle. 

10. If a line CD meets another line AB, 
ſo that the angles CDA, CD, are equal; 
that line CD, is ſaid to be perpendicular to 
the other AB. 

And the equal ln CDA, CDB, are 
called right angles. 

But if the line 1s oblique as DE, the 
greateſt angle EDA, is called an obtuſe an- 

gle; and the leaſt EDB, an acute angle 
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11. A plane ſurface terminated by three 
right lines, is called a plain triangle. 

12. When the three ſides of a triangle are 
equal, it is called an equilateral triangle, as C. 

13. When only two ſides are equal, an 
iſoſceles triangle, as A. 

14. When the three ſides are unequal, a 
| ſcalene triangle, as B. 

15. When one angle of a triangle is a 
right angle, it is called a right angled triangle, 
as D. 

16. Any one ſide of a triangle may be 
called the baſe, and the angular point oppo- 
ſite to the baſe, 1s called the vertex. 

17. In a right angled triangle, the fide op- 
polite to the right angle, is called the Hypo- 
thenuſe, 

18. A plane of four ſides, is called in ge- 
neral a quadrilateral figure. 

19. A quadrilateral, whoſe four - ſides are 
equal as well as the four angles, 1s called a 
ſquare, as A. | 

20. If the four angles are equal, and on- 
ly the oppolite ſides a rectangle, as B. 

21. If the oppoſite angles are only equal, 
and the oppoſite ſides, a parallelogram, as C. 

22. A plane figure of above four ſides, is 
called in en . 

B 2 23.4. 


THE ELEMENTS 
23. A circle is a plane figure bounded by 


one continued line ABC called the circum- 
ference, which is every where equally di- 
ſtant from a point O within the circle, call- 
ed the center. 

24. Any line, as A O, drawn from the 
center to the circumference, is called a rad: us. 
25. Any line, as AB, terminating in a 
circle, is called a chord, which divides the 
circle into two parts, ACB, ADB, called 


ſegments, the parts of the circumference, ter- 


minated by the chord, are called arcs, and 
when the chord paſſes through the center it 


is called a diameter, and divides the circle in- 


to two equal parts, called ſemi-circles. 
26. Any part of the circle, as AO, ter- 
minated by two radii and an arc, is called 
a on 

The meaſure of an angle, is the arc 
deſcribed from the angular point as center 
with any radius, and terminated by the lines 
which form the angle. 
28. A line AT, which touches a circle 
in one point A only, is called a fangent; 


and the point A, where it touches, the point of 


one 

. The line CT drawn from the center 
nd terminated "7 the tangent, is called the 
ſecant 


as. 
* 3 WI; 
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ſecant of the arc AM, as AT is called 
its tangent, and the perpendicular PM to 
the radius CA the fine, CP the coſine, and 
AP the verſed fine of that arc, or of the arc 
BM, its ſupplement to a ſemi-circle. 

30. A polygon is called regular, when 
all its ſides are equal as well as all its angles; 
and irregular when they are unequal. 

31. A polygon is faid to be inſcribed in 
a circle when all its angles touch the circum- 
ference, and circumſtribed about a circle, 
when all its ſides touch the circle. . 

Polygons are diſtinguiſhed by the num- 


ber of their ſides, viz. 


Pentagon. 9 Enneagon. 
Exagon. 10 Decagon. 

Eptagon. 11 Ondecagon. 
Octagon. | 12 Dodecagon. 


D Sea. 


Problems uſeful in Fortification, 


1. To draw a line, through a given point 
C, , perpendicular to another line AB. 

From the given point C as center, deſcribe 
an arc with any radius ſo as to mect the line 


AB, in two points E, F, and from theſe points 
as centers deſcribe two arcs with the ſame. 


1 ra- 
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radius, ſo as to interſect each other at D; then 
the line drawn through this interſeQjon and 
the given point C will be the Ferpenruin 
required. 

2. To dra a line, through a given point 
C, parallel to another line A B. 

From the given point C as center, deſcribe 
an arc ſo as to touch the line AB, and from 
any point E in AB as center, deſcribe ano- 


ther arc with the ſame radius; then the line 


drawn through the given point C, ſo as to 
mw this arc, will be the parallel required. 
. To divide a given line AB, into any 
a; of equal parts, as fue. 
Through the extremity A, draw a line 
AC at pleaſure ſo as to make any angle with 
AB, and through the other extremity B, draw 
BD parallel to AC: then if from the point 
A towards C, there be ſet off as many equal 
parts leſs one of any length, on AC, as the 
line AB is to be divided into, and the ſame 
thing be done on the line BD ; the lines which 
join the oppoſite points, will divide the 
line AB into the defired number of equal 
parts, 
4. To divide a given angle A CB into two 
equal parts. 


From 
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From the angular point C as center, de- 
ſcribe an arc with any radius, meeting the 
legs of the angle at A, B: from theſe points 
as centers deſcribe two arcs with the ſame 
radius, ſo as to interſect each other at D; then 


the line drawn through this interſection and the 


angular point C, will biſect the given angle. 

5. To draw a line CA, ſo as to make an 
angle ACB with a given line CB, equal to 
a given angle acb. | 

From the points C, c, as centers, 4 
two arcs with the ſame radius taken at plea- 
ſure: make the arc AB equal to the arc 
ab; and the line drawn through the points 
C, A, will make the angle required. 

N. B. Mathematicians ſuppoſe the circum- 
ference of a circle to be divided into 360 
equal parts called degrees, each degree divid- 
ed into 60 equal parts called minutes, as like- 


wiſe each minute into 60 equal parts called 


ſeconds. | | 
Theſe diviſions are generally marked on a 
braſs ſemi-circle or a rectangular piece of ivo- 


| ry, called protractor, and ſerve either to mea- 


ſure any angle by, or to lay down any angle 


1 
— 
1 
1 
1 
. . 4 
1 2 . 
TN: ROY 
— 2 N hy N } 
4M 
_—_ 
8 * 
"Ix 


"2M . 
wy : 


Hence a quadrant or the 1 of a 


right angle | is go degrees, as being the fourth 
B 4 port 


. —— - * 


part of the circumference; a ſemi- circle or 
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the meaſure of two right angles 180 and 
becauſe the three angles of a triangle being 


equal to two right ones; each of the angles 


of an equilateral triangle, is one third of 180; 
that is 60 degrees, or the ſixth part of the 
whole circumference. 


6. To bi ſed a line AB, by a berpendicu- 


lar to it. 
From the extremities A, B, as centers, 


deſcribe arcs on both fides of that line, with 


any radius ſo as to interſect each other at D, 


and E; then the line DF will be perpendi- 


cular to and biſet AB. 
. To deſcribe the circumference of a cir- 
cle, through three given points A, B, C. 


Join theſe points by two lines AB, BC; 
_ theſe lines by the perpendiculars DO, 


- then their interſection O, will be the 
8 of the circle deſired. 
8. To inſeribe a ſquare in a circle. 
Draw the diameter AB, to which draw 


the diameter CD perpendicular; then the 


lines joining the extremities of theſe diame- 
ters will be the ſquare ABCD required. 

If the quadrant A C be bifected in E, the 
chord AE or EC will be the fide of an oc- 
tagon, inſcribed in the circle, 
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9. To inſcribe a Pentagon or c —_ in 
a circle. 


Draw the radius DC at right angles to the 
diameter AB, biſet AC in E, and from the 


point E as center, deſcribe an arc through 
the point D meeting the diameter AB in 


F, draw DF; then will DF be the fide of 
the pentagon, and CF that of the deca- 


gon inſcribed in the circle. 
10. To inſcribe an exagon in a circle. 


Take the radius A O and carry it round the 


circumference, and you will have the exagon 
required, 

If the arc AB be biſeQed at D, the chord 
of the arc AD or DB, will be the fide of a 
dodecagon inſcribed in the circle. 


N. B. The eptagon, enneagon, and on- 


decagon, cannot be geometrically inſcribed 


in a circle; for which reaſon we ſhall give 
mechanical conſtructions of them, which are 
ſufficiently exact for practice. 
11. To inſcribe an eptagon in a circle, 

From any point A in the circumference as 
center, deſcribe an arc through the center O, 
meeting the circumference in B and C; draw 
CB and the radius AO; then the half BD 


or DC of BC will be the fide of an epta- 
gon nearly. 


1 
t 
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12. To inſcribe an enneagon in à circle. 

Carry the radius from A to B, and di- 
vide the arc AB into three equal parts, by 
repeated trials ; and let Aa be two thirds 
of AB; then the chord of Aa, will be the 
fide of the enneagon exactly, if Aa is exactly 
two thirds of AB. 

13. To inſcribe an ondecagon in a circle, 

Draw the radius CD, perpendicular to the 
diameter AB; from the extremity B as cen- 
ter deſcribe an arc through the point D, 
meeting the diameter in E, at E erect a per- 
pendicular EF, to the diameter, or draw 
EF parallel to CD, meeting the circumfe- 
rence in F; then if the arc AF be biſect- 
ed in G, the chord of AG or GF will be 
the fide of the ondecagon required. 
14. To inſcribe a polygon in a circle, ſo 
that its fides ſhall be of a given length... 
nſcribe a ſimilar polygon, that is one of 
the fame number of ſides, in any circle by 
the foregoing problems ; and let AB be one 
of thoſe ſides, which produce to C fo as 
BC be equal to the given fide, and draw 
CD parallel to the radius OB, till it meets 
the radius O A produced at D; then OD will 


be the radius of the circle required. 


This 


EF 
BEE „ FAS Ia few oO A — 
1 s 8 2 rf ĩ˙⸗ k 
92 3 „ 8 . 
: r — 5 2 


A F 
3» OE 
on, FE 


e 
- bd 


r ad ne TERENCE Ra Brea i a Eo a asf On Get vt; os * 1 
3 Ge Fe 5 5 a a NE 5 
2 5 KV. 1% ⁰˙àAA pe > 5 RNS I ES r 44 8 
2 i Y 7 . ey 00 F Nen N Ro” vas 4 Lt 
5 e my OS pt; 2 e PSY 
% EP 8 n FFF SA n 


OF FORTIFICAT ION. 


This problem is eaſier ſolved by means 
of a ſector, in this manner. On the inner 


edge is a line marked polygon, whoſe num 


bers anſwer from a ſquare or pentagon to a 


; dodecagon; you take the length of the fide 


of the polygon which is to be inſcribed in a 


circle, between the points of your compaſs ; 
and ſet one point upon the number of the 


ſides on the ſector, and open the ſector ſo as 
the other point of the | compaſs meets the 
ſame number on the other leg of the ſector; 
then keeping the ſector thus open, you take 
the opening from 6 to 6 on the ſector be- 
tween the points of your compaſs, and that 
will be the radius of the circle wanted. 


DEFINITIONS. 


The angle ABC made by any two con- 
tiguous ſides of a polygon, is called the angle 
of the polygon ; and the angle AO B made 
by two radii drawn to the extremities of 
the ſame ſide of a polygon, is called the an- 
gle of the center. 

The angle of the center of a regular po- 


lygon is found, by dividing 360 degrees by 


the number of the ſides: thus 360 divided 
by 5 gives 72 degrees for the angle of the 
center 
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center of a pentagon : and 300 divided by 
6 gives 60 degrees for the angle of the cen- 
ter of an exagon. „ 

But the angle of the polygon is found by 
ſubſtracting the angle of the center from 180 
degrees; thus 180-72 2108 degrees in 
the pentagon; and 180—60==1 20 degrees 
in the exagon. 


Polygon. Ang. Cent. | Ang. Polyg. 
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* 


Of. the meaſures and ſcales uſed in 
 Portification. 


The French make uſe of a meaſure called 
a toiſe, which is fix feet, and therefore, is 
what we call a fathom here in England. 

The Dutch, and moſt of the Germans, 
make uſe, of the Rhinland rod, which is 12 
Rhinland feet. 

The French royal foot is to the Engliſb 
foot as 114 to 107, or as 16 to 15 near- 
ly, in ſmaller numbers. 

The Rhinland foot is to the French foot 

as 1033 to 1068, or as 29 to 30 nearly, 
in ſmaller numbers; and therefore, half the 
* Rhinland rod is to a French toiſe as 29 to 
30 nearly. 
3 As we propoſe to give Mr. Vauban's con- 
ſtructions, with thoſe of the moſt celebrated 
authors of that nation, we ſhall uſe the word 
toiſes in this work, as being more conveni- 
ent for underſtanding their methods than that 
of fathom; the valuation of the French into 
Engliſh meaſure, may be eaſily made by the 
proportion g1ven above. 

When a plan of a fortification is to be 
drawn, which is to be executed, it will be 
con- 
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i convenient to have a ſcale divided into equal ſep 
parts, as for example, an inch divided into ſo: 
20, 25, JO, 35, 40, 45, 50, 55, 60: then . Th 
that of 40 to an inch is to be uſed in this 
caſe, in order to expreſs every part diſtinctly, 
which cannot ſo well be done upon a ſmall- ed 
er one. in d 

When a plan is to be drawn upon any 
other occaſion, any other ſcale will do, which 
may be greater or leſs, according as it is 
thought moſt convenient. 

The profils are generally drawn upon a 
ſcale of 43o feet to an inch; becauſe they 
are to expreſs the heights of the different 
parts, which cannot ſo well be done upon a 

leſſer. 

a ſcale * divided cannot be had, or 
ſuch a one as may be wanted upon a par- 
ticular occaſion, there muſt be one made 
on ſtrong paper, by the help of the third 


problem. 
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Colours uſed i in the drawings of For- 


tifications. 


It is neceſſary to uſe colours in the draw- 
ings of plans and profils of a fortification, in 
order to diftin guiſh every particular part, and 
ſepa- 


oe 
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ſeparate, as it were, the one from the other, 
ſo as to make their difference more ſenſible. 
The manner of uſing colours, is called co- 
louring. 

The firſt and moſt neceſſary thing requir- 
ed in drawing is, Indian ink; for it ſerves 
in drawing the lines, to expreſs hills or rifing 
grounds, and in ſhort, for all what is called 
ſhading in drawings. 

There are ſix different forts of colours, 
generally uſed in theſe kind of drawings, viz. 
carmine, verdegreaſe, ſap-green, gun beucb, 
indigo and umber, 

The beſt ſort of Indian ink, is of a blu- 
iſh black, ſoft and eafily reduced into a li- 
quid, free from ſand or gravel : it is folid in 
ſticks for three pence a ſtick to half a crown, 
according to its goodneſs and quantity. 

The manner of liquifying it, is by put- 
ting a little clear water into a ſhell or tea-cup, 
and rubbing it gently till the water is black, 
and of a conſiſtence much like common ink; 
when it is uſed for drawing lines, it muſt be 


made very black, though not too thick, other- 


wite it will not eaſily flow out of the drawing 
pen: but when it is for ſhading, it muſt be 
pale, ſo as to go over the ſame ſhade ſeve- 


ral times, which will make it look much fi- 


Der 
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ner and ſofter, than if it was done at once. 

Carmine is in powder and the fineſt red 
we know of: it ſerves for colouring the ſec- 
tions of maſonry ; the plans of houſes, and 
other buildings, as likewiſe their elevations, 
but is then made of a paler colour. 

This colour 1s alſo uſed for drawing red 
lines in plans, to repreſent walls: it is very 
dear, being generally a guinea an ounce, but 
a little goes a great way. 


The verdegreaſe uſed in drawings, which 


1s commonly called-ſea-green, is liquid, and 
ſold in little viols for fix pence a piece; it 
ſerves to colour wet ditches, rivers, ſeas, and 
in general to repreſent all watry places. 

Sap-green 1s in ſtone, of a yellowiſh green, 
when liquified with clear water ; but when it 
is mixt with ſome ſea-green, it makes a fine 
graſs green ; as all mixt colours are liable to 
fade, if verd'iris can be had, it will be much 
better; ſap-green is very cheap, for two or 
three pence, one may have as much as will 
ſerve a great while. 

Gum: bouch, is a fine yellow in ſtones, and 
very cheap ; it ſerves to colour all projects of 
works; as likewiſe to diſtinguiſh the works 


unfiniſhed from thoſe that are ſo. It ſerves Ml 


alſo to colour the trenches of an attack. 
3 This 
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This colour is prepared, by taking water in 


a hair pencil, and rubbing it gently, then put- 
WT ting it in a ſhell, and this is repeated till the 
= colour is as ſtrong as is neceſſary. 


Indigo is in ſmall cakes, and very cheap ; 
it ſerves to colour iron and roofs of buildings, 


BE which are covered with ſlates : It muſt bz 
= well ground upon a ſmooth ſtone or glaſs, and 


then mixt with a little gum water. 
If the ſeagreen 1 is too pale, by mixing a little 


indigo with it, it will make a fine bluiſh co 


Jour, | 
Umber is a yellowiſh brown colour in pow- 
der; when it is mixt with gum water, it ſerves 
to colour dry ditches, ſand, and all things of 
carth. By mixing a little red ink with it, 


it will make alſo a wood colour. If ſome to- 


bacco leaves are ſteept in clear water for ſome 
hours, and filtered through a woollen cloth, 
or brown paper, with a little red ink mixt in 
it, it makes the beſt earth or wood colour, as 
lying ſmoother than any other, 

In drawing encampments, it is neceſſary 
to have a fine blue, to repreſent the colour of 


blue cloth; Hnalt fold in ſhells for about a 


groat a piece is very good for that purpoſe, or 


elſe Pruſſian blue, well ground and mitt with 
2 little gum water. 
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* Gum water is beſt when it is made ſome 


time before it is uſed; for which reaſon, take 5 I 
27 plar 
ſome gum arabic, and ſteep it in clear water = 


for ſome hours till it is diffolved ; then train | 
it through a woollen cloth or brown paper, 


and preſerve i it in a viol, well ſtopped, that no 
dirt can come into it, till it is wanted. 


SECTION II. 
Of regular Portificati on. 


\ Ortification ; is the art of incloſing towns, 
time, a conſiderable army. 
ſiege, in order to become maſter of the place. 


vantages that the fortification will admit of. 


The art of fortification may be diſtinguiſhed i | 


into two parts, v:2. the elementary or theore- 
tical, and Practical. 


This 
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It 


o tre 
with works in ſuch a manner, as that a | 


ſmall number of men may refiſt, for ſome 0 | 


TE 3; 
The attack of a place, is the art of making 1 


and conducting all the different works in a 1 


. 
And the defence of a place, is the art of 


defending a town beſieged, with all the ad- A 


rat 


will 


OF FORTIFICATION. 


The elementary part conſiſts in tracing the 
plans and profils of a fortification on paper, 
with ſcales and compaſſes; and to examine 
the ſyſtems propoſed by different authors, in 
order to diſcover their advantages and dad. 

vantages. 

And the practical part comics in bemitg 
Þ project of a fortification, according to the 
5 N ature of the ground and other neceſſary cir- 
Frumſtances, to trace it on the ground, and to 
5 execute the project, together with all the mi- 
15 Jitary buildings, ſuch as magazines, ſtore-houſes, 
I pridges, Gc. 

. 3 It is the elementary part which we propoſe 

o treat of in this work, reſerving the other 
U por a ſecond volume, which we ſhall divide 
| 1 Ito regular and irregular fortification; but 
Pefore we enter any farther upon the ſubject, 
will not be difagreeable to beginners to ſay 


W:ctification. 
The origin and riſe of fortification, is un- 
ä Woubtcdly owing to the degeneracy of man- 
| 4 Wind ; for in the firſt ages of the world, men 
ere diſperſed up and down the countries in 
Wparate families, as we are told in the hiſto- 
s of the Jews and Scythians, who wandered 
cm one place to another for the fake of find- 
| 9 ing 


FI mething concerning the riſe and progreſs of 
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ing paſture for their. cattle, Theſe familie 4 


became in time ſo numerous as to form large | 


communities, which ſettled all together in a | . 


place; from whence villages and towns had | 


their origin and riſe: but they found it was a 


neceſſary, for the common ſecurity, to ſur- 
round thoſe towns with walls and ditches, to 


prevent all violences from their neighbours anl. 
ſudden ſurprizes. This was ſufficient fa} 


TS" 2 


ſome time, till offenſive weapons were invent. 
ed, and conquering became a faſhion ; thaſ 
walls with loop-holes were made at propef 
diſtances, in order to ſcreen the defender 
againſt the arrows of the aſſailants; but find# 
ing that as ſoon as the enemy got once cloſ 
to the walls, they could from no part be die 
covered or repulſed ; for t is reaſon they ah 
ded ſquare towers at proper diſtances fol 
each other, ſo that every part of the wall 
might be defended by the adjacent fides 
the towers. However this manner of ;nclowl 2 
of towns was found to be imperfect, becau 
there remained ſtill one of the faces of j 


towers which fronted the field that could nf : 
be ſeen from any other part, and thereto 


could not be defended. To remedy this, ti 
made the towers round inſtead of ſquare, in ; 


gining this figure to be the ſtrongeſt to rei 
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the battering engines, as likewiſe to be better 
defended from the other parts of the wall. 

N : Notwithſtanding the ſuperiority of this me- 
thod above the former, there remained yet a 


part of theſe towers unſeen and uncapable to 
be defended; which made them change the 
| figure of the towers again; that is, they made 
5 them ſquares as before; but inſtead of pre- 
ſenting a face to the field as formerly, they 
preſented an angle; by this means they ef- 
fectually found out ſuch a diſpoſition of their 
ö 4 works, that no part could be attacked with- 
cout being ſeen or defended by ſome other 

Wpart, ©: 
2 This laſt method was in uſe a long while, 
is 4 and would in all appearance have continued 
to this day, if g-'n-powder had not been found 
cout: but the violence of the guns and mor- 
4 : tars ſoon convinced the world, that ſuch tow- 


e theſe thundering engines: and beſides, as the 
nature of the attack was entirely changed, it 
vas alſo neceſſary to change that of kuhn 
likewiſe. 

From that time, ramparts were added to 
che walls, the towers enlarged into baſtions, 
ai and all forts of outworks have been added, 
WE fuch as ravelins, counterguards, horn and 
C 3 crowyn- 


ers and walls were but a weak defence againſt 
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crownworks, and others of the like nature, 
in order to render the defence in ſome mea- 
ſure equivalent to the attack. | - 

Notwithſtanding all the improvements which | 
have been made in the art of fortifying ſince | ? 
the invention of gun-powder, that of attack- Þ 
ing is {till ſuperior to it : Engineers have tried 
in vain to render the advantages of a fortifi- 
cation equal to thoſe of the attack; the ſupe- 
riority of the beſiegers fire, together with the | * 
greater number of men, obliges generally, 


Jooner or later, the beſieged to ſubmit. 


The greateſt improvement made in the art? 
of attacking happened inthe Year 1697, when! 
M. Vauban made firſt uſe of ricochet firing at? 
the fiege of Ath, whereby the befieged placed 
behind the parapets, were as much expoſed to 
the fire of the beſiegers as if there had been 
none; whereas before, they had been ſecure 7 
as long as the parapet was not demoliſhed : 
and the worſt is, that there can be no remedy | 
found to prevent this enfilading without falling 
into inconveniencies almoſt as bad as thok | 


which we endeavour to avoid. 


Although authors agree as to the general“ 
form in the preſent manner of fortifying, yet 
they moſtly differ in particular conſtructions | 
of the parts; as it would be both needleſs and 
; fuper- WM 
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ſuperfluous to treat of all the different me- 
thods hitherto propoſed, we ſhall content our- 
ſelves with explaining thoſe only, which are 
moſt eſteemed by the beſt judges, and have 
been moſtly put in practice; with adding ob- 
ſervations on their perfections and imperfecti- 
ons, and point out how ſome of the parts may 
be improved. 5 

As M. Vauban had more experience than 
any other engineer whatſoeyer, and his me- 
thods are moſtly uſed all over Europe, we 
ET preſume it will be more advantageous to be- 
ginners to explain his methods firſt ; and then 
E-1 thoſe of Mr. Cochorn, who, next to M. Vau- 
ban, excelled in this art. 

7 M. Vauban has given three different me- 
thods, the firſt is that which has been uſed 
in the fortifying of moſt places; the ſecond 
: was uſed at Landau and Beford, chiefly de- 
ſigned for places which have a wall or ram- 
part already, and the third has been applied in 
the fortifying of New Briſach; each of theſe 
methods will be treated of ſeparately, ! in their 
2 order, 
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Method. 


This method is divided into little, mean, 
and great; the little is chiefly uſed in the con- 
ſtruction of citadels, the mean in that of all 
ſorts of towns, and the great in particular caſes 
only. ; 

We ſhall give the conſtruction of the mean, 


as being moſt uſeful, and refer the reader Þ : 


to the table hereafter, for thoſe dimenſions 
which are different in thefe feveral fortifica- 


tions. | | 

Inſcribe in a circle a polygon of as many 
ſides as the fortification is deſigned to have 
fronts; let AB be one of the ſides of half an 
exagon, which biſe& by the perpendicular 
CD: divide half AC of it, into nine equal 
parts, and one of thefe into ten others ; then 
theſe diviſions will ſerve as a ſcale to conſtruct 
all the parts of the fortification, and each of 
them is ſuppaſed to be a toife or fathom, that 
18 fix French feet; and therefore the whole 
fide AB is ſuppoſed to be 180 toiſes. 

As the dividing a line into fo many equal 
parts, is troubleſome and tedious ; it is more 
convenient to have a ſeale of equal parts by 

| Which the works may be conſtructed, it 


18 
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If therefore, in this caſe, the radius is 
taken equal to 180 toiſes, and the circle 
deſcribed with that radius being divided into 
ſix equal parts, or the radius being carried 
ſix times round, you will have an exagon in- 


ſcribed ; AB being biſected by the perpendi- 


cular CD as before, ſet off 20 toiſes from C 
to D, and draw the indefinite lines ADG, 


BDF, in which take the parts AE, BII 


each equal to 50 toiſes; from the center E 
deſcribe an arc through the point H, meet- 
ing AB in G, and from the center H de- 
ſcribe an arc through the point E, meeting 
BD in F; or which is the ſame, make 
each of the lines EG, HF equal to the di- 
ſtance EH; then the lines joining the points 
A, E, F, G, H, B, will be the principal or out- 


line of the front. 


If the ſame conſtruction be performed on 
the other ſides of the polygon, you will have 
the principal or outline of the whole forti- 
fication. | 

If, with a radius of 20 toiſes, there be 
deſcribed circular arcs, from the angular points 
B, A, M, T, and lines are drawn from the 
oppoſite angles E, H, &c. ſo as to touch theſe 
arcs, their parts ab, bc, &c. together with 
theſe arcs will repreſent the outline of the 


DE- 
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DEFINITIONS. 


1. The part FEALN, is called the ba- 


2. AE, AL, the faces of the baſtion. 
3. KE, LN, the fenks. 

4. FG the curtain, 

5. FN, the gorge of the baſtion. 

6. AG, BF, the lines of defence. 

7. AB, the exterior fide of the polygon. 
8. CD, the perpendicular. 

Any line which divides a work into two 
equal parts, is called the capital of that work. 
10. abc, the counterſcarp of the ditch. 

11. A,M, the flanked angles. 
12. H, E, L, the * of the e or 


* 


ſhoulder only. 


13. G, F, N, the angles of the fonk. 

14. Any angle whoſe point turns from the 
place is called a ſaliant angle, ſuch as A, M; 
and any angle whoſe point turns towards the 
place, re-entring angle, ſuch as b, F, N. 

15. If there be drawn two lines parallel 
to the principal or outline, the one at 3 toi- 
ſes diſtance, and the other at 8 from it; then 
the ſpace yx included between the princi- 
pal one, and that fartheſt diſtant, is called 


the rampart, And 
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OF FORT IFICAT ION. 
And the ſpace xx, contained by the Prin- 
cipal line, and that next to it, and which is 
generally ſtained black, is called the parapet. 
16. There is a fine line drawn within four 
feet of the parapet, which expreſſes a ſtep 
called Banquette. 

N. B. All works have a parapet of three 
toiſes thick, and a rampart of 8 to 10, be- 
ſides their ſlopes. The rampart is elevated 
more or leſs above the level of the place, 
from 10 to 20 feet, according as the nature 
of the ground is, and according to the par- 
ticular conſtructions of engineers. 

The parapet is a part of the rampart ele- 
vated from 6 to 7+ feet above the reſt, in 
order to cover the troops which are drawn up 
there, from the fire of the enemy in a ſiege; 
and the banquette 1s two or three feet higher 


than the rampart, or about four feet lower 


than the parapet; ſo that when the troops 
ſtand upon it, they may juſt be able to fire 
over the parapet. 

17. The body of the place, is all that 
which 1s contained within this firſt rampart ; 
for which reaſon, it is often ſaid to conſtruct 
the body of the place; which means proper- 


ly, the conſtruction of the baſtions and cur- 
tains, 
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In the ſecond, the perpendiculars anſwer- 
ing to theſe ſides. 

In the third, the lengths of the faces of 
the baſtions, and in the fourth, the lengths 
of the capitals of the ravelins. 

The forts are moſtly, if not always, ſquares, 
for which reaſon, the perpendiculars are made 
one eighth of the exterior ſides; becauſe if they 
were more, the gorges of the baſtions would 
become too narrow. 

The little fortification, is chiefly deſigned 
for citadels, and are commonly pentagons ; 
the perpendiculars are made one ſeventh of 


the exterior ſide; the mean is uſed in all 


kinds of fortifications from an exagon upwards 
to any number of ſides : and the great is ſel- 
dom uſed but in an irregular fortification, 
where there are ſome ſides that cannot be 
made leſs without much expence ; or in a town 
which lies near a great river, where the ſide 
next the river is made from 200 to 260 toiſes; 
and as that fide is leſs expoſed to be attacked 
than any other, the perpendicular is *made 
ſhorter, which ſaves much expence, 

The faces of the baſtions are all 2 the of 
the exterior ſides, or nearly ſo, becauſe the 
fractions are neglected. 


It 
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It may be obſerved in general, that in all 
ſquares the perpendicular is jth of the ex- 
terior fide, in all pentagons 5th, and in all 
the reſt upwards sth. 


G on ſrutrion of Orillons and retired 
Flanks. 


Deſcribe the front MPOQRST as before, 
and divide the flank into three equal parts, of 


which ſuppoſe Sr to be one: from the op- 
polite flanked angle M, draw a line Mr, 1 


which take the part mr of 5 toiſes; take like- 


wiſe Rn in the line of defence MR, produc- 
ed, equal to 5 toiſes, and join nm, upon 
which as a baſe deſcribe the equilateral tri- 
angle npm, and from the angle p, oppoſite 
to the baſe as center, is deſcribed the circular 
flank nm. 


And if Sr be biſected by the perpendicu- 


lar 1, 2, and another be erected upon the face 
ST, at 8; the interſection 2 of theſe two 
petficndiculars, will be the center of the : arc 


which forms the orillon. 
The orillons are very uſeful in covering 


the retired flanks, which cannot be ſeen but 


directly in the front; and as theſe orillons are 


round, they cannot be ſo eaſily deſtroyed as 


they 
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OF FORTIFICATION, 
they would be, if they were of any other 
figure. But for what reaſon the retired flanks 
are made of ſuch circular arcs as theſe, is not 
poſſible to be gueſt at; ſince it may eaſily 
be proved, as we ſhall do in the third ſection, 


that the flank made upon the chord of that 


arc would be much better, and 1s at the ſame 
time of leſs expence. 


But what is more ſtrange, that moſt en- 


31 


gineers look upon theſe flanks as the beſt that 


could have been thought of; and they uſe 
them in all fortifications, which they propoſe 
as the beſt models: there can be given no 
other reaſon of this opinion, than the unac- 
countable fancy, of mankind in general, for 
novelty ; and their indolence to receive from 
others, things for true, rather than to inquire 
whether they be ſo or not. 


Conſtruction of Ravelins or Half-moons. 


Set off 5 5 toiſes, from the re-entring angle 
O of the counterſcarp, on the capital OL, 
or on the perpendicuiar produced, and from 
the point L draw lines to the ſhoulders A, B; 
whoſe parts LM, LN, terminated by the 


= counterſcarp will be the faces, and MO, ON 
the ſemi-gorges of the ravelin required. 


This 


Fig. 2. 
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This is Mr. Vauban's method of conſtruc- 
ting ravelins, according to ſome authors; and 
others will have the faces of the ravelin to 
terminate on thoſe of the baſtions within 3 
toiſes of the ſhoulders; which ſeems to be 
the beſt way, for the ravelins cover the flanks 
much better than the others. 

The ditch before the ravelin is 12 toiſes, 
its counterſcarp parallel to the faces of the 
ravelins, and is made in a circular arc, before 
the ſaliant angle; as likewiſe all ditches are in 


general. 


When the ravelins are made with flanks, 


as in figure 3, the faces ſhould terminate on 


thoſe of the baſtions, at leaſt 5 toiſes from 


the ſhoulders. 


The flanks are made by ſetting off 10 toi- 
ſes from the extremities of the faces, from f 
to h, and from m to 1, and from the points 
h, I, the flanks hk, Ip, are drawn parallel tc 
the capital LO of the ravelin, 

There are ſometimes redouts made in the 
ravelin, ſuch as in fig. 2. which is done by ſet 
ting off 16 toiſes from the extremities of th 
faces on the ſemi-gorges from N to b, and fronlf 
M to a; and from the points b, a, the face 
are drawn parallel to thoſe of the ravelin : th 
ditch before this redout is 6 toiſes, and its co 
terſcarp parallel to the faces. Con 
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Conflrufion of Snail: 


33 


A tenaille is a work made in the ditch Plate II. 
before the curtains, the parapet of which is ig. 1, 2,3. 


only 2 or 3 feet higher than the level ground 
of the ravelin. There are three different ſorts, 
the firſt are thoſe as in fig. 1, which are made 
in the direction of the lines of defence, leav- 
ing a paſſage of 3 toiſes between their extre- 


mities and the flanks of the baſtions, as like- 
| wiſe another of 2 in the middle for a bridge of 
communication to the ravelin. 


5 pne ſhoulder of the tenaille as center thro” 


The ſecond fort, are thoſe as in "mg 2; 
eir faces are in the lines of defences, and 1 6 


1 Pois long, beſides the paſſage of 3 toiſes be- 


een them and the flanks of the baſtions; 
eir flanks are found by deſcribing arcs from 


Ihe other, on which are ſet off 10 toiſes for 


. ak. 
ot 

1 2 1 
. 
1 


e flanks deſired. 


And the third fort, are thoſe as in fig. 33 
p 4 Pein faces are 16 toiſes, as in the ſecond ſort, 
ad the flanks are parallel to thoſe of the 


| F tions. 


The uſe in general of tenailles, is to de- 
4 nd the bottom of the ditch by a grazing 
Wc, as likewiſe the level ground of the ra- 
; * | velin, 


THE ELEMENTS 
velin, and eſpecially the ditch before the re- 


dout within the ravelin, which can be de. 
fended from no where elſe, fo well as from 
them. | 
' The firſt fort do not defend the ditch ſo 
well as the others, as being too oblique a 
defence ; but as they are not ſubje& to be 
enfiladed, M. Vauban has generally pre- 
ferred them in the fortifying of places, a: 
may be ſeen in the citadel of Lille, at Lan. 
dau, Neu-Briſach, and in a great many other 
places. Y 
The ſecond fort defend the ditch much 
better than the firſt, and add a low flank ti 
thoſe of the baſtions ; but as theſe flanks ar: q 
liable to be enfiladed, they have not bee 
much put in practiſe. This defect mig 
however be remedied, by making them ſo 
to be covered by the extremities of the pi 
rapets of the oppoſite ravelins, or by ſon: 
other work. 1 
As to the third ſort, they have the ſam 
advantage as the ſecond, and are likewif 
liable to the ſame objections; for which re- 
ſon they may be uſed with the ſame precat 
tions, which have been mentioned in ti 
ſecond. 


Tenaill 
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Tenailles are eſteemed ſo neceſſary, that 


there is hardly any place fortified without 
them, and it is not without reaſon ; for when 


the ditch is dry, the part behind the tenailles 


ſerves as a place of arms, from which the 
troops may fally, deſtroy the works of the 


enemy in the ditch, oppoſe their deſcent, and 


retire with fafety; and the communication 


from the body of the place to the ravelin, 


becomes eaſy and fecure, which is a great 
advantage ; for by that means the ravelin may 
make a much better defence, as it can be 


ſupplied with troops and neceſſaries at any 


time, And if the ditch is wet, they ſerve as 
harbours for boats, which may carry out 
armed men to oppoſe the paſſage over the 
ditch whenever they pleaſe; and the commu- 
nication from the tenailles to the ravelin, be- 
comes likewiſe much eaſier than it would be 
without them, 


Confirudion of Lunettes. 


Lunettes are placed on both ſides of the ra- 
velin, ſuch as B, to encreaſe the ſtrength of a 
place; they are conſtructed, by biſecting the 
faces of the ravelin with the perpendicular LN, 


on which is ſet off 30 toiſes from the coun- 
2 terſcarp 
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Fig. 4: 
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Fig. 8. 
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terſcarp of the ditch, for one of its faces ; 
the other face PN, is found by making the 


ſemi-gorge TP of 25 toiſes; the ditch before 


the lunettes is 12 toiſes, the parapet 3, and 
the rampart 8; as in the ravelin. 

There is ſometimes another work made to 
cover the ſaliant angle of the ravelin; ſuch as A, 
called Bonnet, whoſe faces are parallel to thoſe 


of the ue and when produced biſect thoſe 


of the enn the ditch before it 1s 10 toiſes. 

There are likewiſe lunettes, ſuch as D, 
in fig. 5, whoſe faces are drawn perpendicu- 
lar to thoſe of the ravelin, within a third 


part from the ſaliant angle; and their ſemi- 


gorges are only 20 toiſes. 

Theſe kind of works may make a good 
defence, and are no very great expence ; for 
as they are ſo near the ravelin, the com- 
munication with it is very eaſy, and one 
cannot well be maintained, till they are all 
three taken. 


J would have the face PN (ig. B) per- 


pendicular to that of the baſtion, which 
would then defend it in a direct manner; 
and if the ſemi- gorges of the bonnet A were 
only 7 or 8 toiſes, it would become leſs ex- 
penſive, and its ditch and the covert- way be- 
fore it would be better defended by the lu- 


nettes. 1 
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Gonfrruton of Tenaillons. 


Produce the faces of the ravelin beyond Fig. 6 


the counterſcarp of the ditch, at a diſtance 


MN of 3o toiſes, and take on the counter- 


ſcarp of the great ditch, 15 toiſes from the 
re-entring angle p to q, and draw N q; then 
qNM p will be the tenaillon required ; its 
ditch is 12 toiſes, that is, the ſame as that 


of the ravelin. Sometimes there is made a 


retired battery, in the front of the tenaillons, 

as in fig. B; this battery is 10 toiſes from 

the front to which it is parallel, and 15 
toiſes long. 

There are commonly retrenchments made 
in the tenaillons, ſuch as O; their parapets 
are parallel to the fronts MN, and biſe& the 
ſide q N; the ditch before this retrenchment 
is 3 toiſes, and there is a banquette before the 
parapet, next to the ditch of about 8 feet, 
called Berm; it ſerves to prevent the earth of 


the parapet (which ſeldom has any revete- 


ment) from falling into the ditch. 
It is to be obſerved, that the ravelin, be- 
fore which tenaillons are conſtructed, muſt 


have its ſaliant angle much greater than the 


former conſtruction makes them; - otherwiſe 
1 3 the 
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the ſaliant angles of the tenaillons become too 
acute, for which feaſon we made the capital 
of this ravelin 4 5 toiſes, and the faces ter- 
minate within 3 toiſes of the ſhoulders. 


Cl udien of C. ounterguards. 


When the counterguard is placed before 
the ravelin, ſet off 40 toiſes on the capital 
of the ravelin from the ſaliant angle A, to 
the faliant angle B, of the counterguard ; and 
10 from C to D, on the counterſcarp of 15 
ditch. 


When the counterguard is before the 


baſtion, ſuch as in fig. 2, its ſaliant angle F, 


is 50 toiſes from the faliant angle E of the 
baſtion, and the breadth near an ditch of the 
ravelin is 10 toiſes as before. 

The ditch before the counterguards is 12 
toiſes, and its counter ſcarp parallel to the 
faces. 

Counterguards are made before the ravelin, 


in ſome particular occaſions only, but are 


frequently conſtructed before the baſtions ; 
covering the flanks wonderfully well, ” 
authors, as Blondel, and Mr, Coehorn, will 
have them much narrower than they. are 
here, 
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G onſtructi on of H. ornworks. 


Produce the capital of the ravelin beyond pig. 4. 


the faliant angle A, at a diſtance AB of 
about $0 toiſes; draw DBE, at right angles 
to AB; in which take BD, BE, each 
| equal to 55 toiſes; and on the exterior ſide 


manner as that of the body of the place, 


the faces 30 


The branches Da, E b of this ack 
when produced, terminate on the faces - of 


the baſtions, within 5 toiſes of the ſhoulders. 


The ditch of the hornwork is 12 toiſes, and 


its counterſcarp parallel to the branches ; and | 


in the front, terminates at the ſhoulders, in 
the ſame manner as the great ditch before 
the baſtions. | 

| _ The capital of the ravelin before the front 
of the hornwork is 3 5 toiſes, and the faces 

terminate on the ſhoulders, or rather 2 or 


3 toiſes beyond them ; and the ditch before 


the ravelin is 8 toiſes. 


There are ſometimes retrenchments made 
within the horn work, ſuch as 8, 8; which 


are conſtructed by erecting perpendiculars to 


D 4 the 


\ 


DE, trace a front of a polygon in the ſame. 


making the perpendicular BF 10 toiſes, and 
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Plate IV. 


fig. 1. 
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the faces of the ravelins, within 2 5 toiſes of 
their extremities. This retrenchment, like all 
others, has a parapet turfed only with a berm 
of 8 feet before it; as likewiſe, a ditch from 
3 to 5 toiſes broad. 
When a seen is made before the 


baſtion ; the diſtance DL, of the front from 


the ſaliant angle of the baſtion is 1 00 toiſes; 
and the branches terminate on the faces of the 


adjacent ravelins within 5 toiſes from their ex- 


tremities ; all the reſt is the ſame as before. 
* 


Conſtruction of Crownworks. 


From the faliant angle A of the ravelin, as 
a center, deſcribe an arc of a circle with a ra- 


dius of about 120 toiſes, cutting the capital of the 


ravelin produced at C; from the point C, ſet off 
the Cords CB, CF, each of them equal to 110 


toiſes, and on each of which, as an exterior 


ſide, conſtruct a front of a polygon of the ſame 
dimenſions as in the hornwork ; that is, the 
perpendicular ſhould be 18 toiſes, the faces 
30, and the branches terminate on the faces 
of the baſtions, within 2 5 toiles of the 
ſhoulders. 

The ditch 1s 12 toiſes, the capital of the 
ravelin 3 5, and its ditch 8; that is, the ſame 


4 


«Oey —— — 


* wh" — a * — — th * 


of wt 4 
den 


: VE "1" 
oY Pt 4 + 
* xa + 9 
% 1 T 
a * 4 * 
7 : 


#,% 1 
5 


as in the hornwork. | Some- 


. — n Ne er 190 
* * ——— — = . — here i vom” — maths * | 


bl. I > 


DD 
p64 
** 
Wins 
3 8 * 
rr i 


o " * 8 1 N ” * , 8 * Y 9. A * 1 . * * * is whe 9 — 2 1 9 * Io 5 ; : 4.4 85 5 N wi 
— 2 5 


1 „„ EE TI ñ TE ED 


\ 


\\\\ 
652 


o©x< wo ovoesrs, 


1 
' 


W 


„„. ñ „ „„ „„ | 


ſ 
| 


_ 
— 


MIN 


OF FORTIFICAT ION. 


the baſtion, as in fig. 2; the arc is deſcribed 
from the ſaliant angle A, of the baſtion, 
with a radius of 120 toiſes, as before, and the 


cent ravelins, within 2 5 toiſes of their extre- 
mities; the reſt of the dimenſions and con- 
ſtructions are the ſame as before. 
Hornworks, as well as crownworks, are 
never made, but when a large ſpot of ground 
falls beyond the fortification, which might be 
advantageous to an enemy in a ſiege, or to 
eover ſome gate or entrance into a town ; 
they have notwithſtanding been uſed hou? 
judgment in ſeveral places, as at Tournay, 
pres, &c. Their advantages and diſadvantages 
dall be fully diſcuſſed in the third ſection. 


# onfirudtion of Covert-ways and 
Glacis. 


Although we have not hitherto mentioned 
the covert-way, nevertheleſs, all fortifica- 
= cations whatſoever have one; for they are 


of a modern fortification ; and it is certain, 


good condition and well defended, is ge- 


branches terminate on the faces of the adja- 


eſteemed to be one of the moſt eſſential parts 
che taking the covert-way, when it is in a 


nerally 
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Sometimes the crownwork is made before Fig. 2. 


Plate V. 
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nerally the moſt bloody action of the 


ſiege. 


After having conſtructed the body of the 
place, and all the outworks which are thought 
neceſſary, lines are drawn parallel to the out- 
moſt counterſcarps of the ditches, at 6 toiſes 
diſtant from it; and the ſpace mnmn, in- 
cluded between that line and the counter- 
ſcarp, will be the covert-way required. 

There is in every re-entring angle of the 
counterſcarp a place of arms, m; which is 


found by ſetting off 20 toiſes from the re- en- 


tring angle a, on both ſides from a to b, and 
from a toc; and from the points b, c, as 


centers, arcs are deſcribed with a radius of 
2 5 toiſes, ſo as to interſe& each other in d; 
then the lines drawn from this interſection 
to the points b, c, will be the faces of the 
places of arms. 

If lines are drawn, parallel to the lines 
which terminate the covert-way, and the 
places of arms, at 20 toiſes diſtant from them, 
the ſpace x, x, x, between theſe lines and 
thoſe which terminate the covert-way, will 
be the glacis. 


At the extremities of the places of arms, 


are traverſes made, ſuch as v, v, which ſerve 
to incloſe them; theſe traverſes are 3 toiſe 


thick 
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thick, and as long as the covert-way is broad, 
and a paſſage is cut in the glacis, round them of 


about 6 or 8 feet, in order to have a free com- 
munication with the reſt of the covert-way. 
There are alſo traverſes of the fame dimen- 


ſions before every ſaliant angle of the baſtion 
and outworks, and are in the fame direction 


of the faces of thoſe works produced ; and 


the thickneſs lies at the ſame de as Us 
| parapets. 


chere is a traverſe r at the entrance of 3 


The paſſages round theſe laſt iraverics are 
likewiſe from 6 to 8 feet wide. 
In each place of arms are two ſally ports 


2, Z, Which are 10 or 12 feet wide, for the 


troops to ſally out; in time of a ſiege they 


| are ; ſhut up, with barriers or gates. 


ö Conſpruction 7 Arrows, and detached 


' Redouts. 


An arrow is a work made before the 


@ Gliant angles of the glacis, ſuch as A; it is 
= compoſed of a parapet of 3 toiſes thick and 
40 long, and the ditch before it 5 toiſes, 


terminating in a flope at both ends. The 


communication from the covert way into 


theſe arrows, is 4 or 5 toiſes wide, and 


toiſes 
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to occupy ſome ſpot of ground which might 


toiſes, ending in ſlopes at both ends; the covert- 


THE ELEMENTS 
toiſes thick, with a paſſage of 6 or 8 feet 


round it. 

A detached redout is a kind of work much 
like a ravelin, with flanks, placed beyond the 
glacis; ſuch as fig. B; they are made in order 


be advantageous to the beſiegers; likewiſe to 
oblige the enemy to open their trenches 
farther off than they would do otherwiſe. 
Their diſtance from the covert-way ought 
not to exceed 120 toiſes, that it may be de- 
fended by muſket-ſhot from thence. 
The gorge ab is 40 toiſes, the flanks ac, bf, 
which are perpendicular to the gorge 10, and 
the faces cd fd 30; the ditch before it is 6 


way 4; the branches of the covert-way are 
12 toiſes long, or thereabouts ; the faces of the 
places of arms y, y, Which are perpendicular to 
the branches, 10; and the other, which is 
parallel to them, 14. 

The communication from the covert-way 
into the redout, is 5 or or 6 toiſes wide; 
and there is a traverſe made - juſt at the 
entrance; and another in the middle, when 
it is pretty long. The parapets of this com- 
munication terminate in a ſlope or glacis. 
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If theſe redouts are above 50 toiſes di- 
| ſtant from the covert-way, the beſiegers carry 
| their trenches round, and enter through the 
© gorge ; by which the troops that are in them 

| are made priſoners of war, if they do not 
| retire betimes: to prevent this, ſome other 
| outworks ſhould be made to ſupport them. 


Conſtruftion of ſecond Ditches, and 


Covert-ways. 


When the ground is low, and water to Plate VE. 


be found, there is often a ditch of about 
Io or 12 toiſes made round the glacis ; and 
| oppoſite to the places of arms are conſtructed 
| lunettes, beyond the ditch ; ſuch as D, whoſe 
breadth on the counterſcarp of the ditch is 
10 toiſes, and the faces are parallel ta thoſe 
of the places of arms ; the ditch before them 
is from 8 to 10 MEA wide. 


The ſecond covert-way is 4 toiſes, the 


ſemi-gorges of the places of arms about 15, 
and the faces perpendicular to the counter- 
ſcarp; the ſecond glacis is from 15 to 18 
toiſes broad. 

This ſecond covert- way has traverſes every 
where, in the ſame manner as the firſt. 


Theſe 
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\ Frankford in 1640: and it may be obſerved 


Plate VII. 


this ſubject. 


35 5 which are uſed now-a-days, in the 
conſtruction of places: although they are gel 
nerally ranked amongſt M. Vauban's works 


conſtruction of the body of the place, and 


dimenſions which cannot be repreſented i 


oy binkee than that before it, ſo that 


THE ELEMENTS 
Theſe are nearly all the different out 


yet none are of his invention, except th 


the circular flanks ; for all the reſt are to b 
met with in Dilichiu's Peribologia, printed a 


that M. Vauban has chiefly copied this au 
thor, as Coehorn on * 


Conſtruction of Profils. 


A profil is the repreſentation of a vertiſ 
cal ſection of a work; it ſerves to ſhew thoſf 


plans, and are neceſſary in the building of 
fortification ; they are generally conſtructed 
upon a ſcale of 30 feet to an inch. | 
would be needleſs to deſcribe all their particu 
lar dimenſions, ſince they are marked in th 
ſchemes ; we ſhall therefore lay down thi 
principal rules only, given by M. Vauban, of 


1. Every work ou ght to hs at. n 


may command thoſe before it; that is, thq; 
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the gariſon may fire from all the works at 
the ſame time, with great and ſmall arms, 
at the beſiegers in their approaches: not- 
withſtanding this ſpecious pretence, there are 
ſeveral authors, who object againſt it. For 
they ſay, if you can diſcover the enemy from 
all the works, they can diſcover by the ſame 
reaſon all the works from their batteries; ſo 
that they may deſtroy them without being 
obliged to change their ſituation, and thereby 
dülmount all the guns of the place before 
they come near it. 

But if all the works were of the ſame 
height, thoſe within cannot be deſtroyed, 
till ſuch time that thoſe before them are 
taken; guns might be placed in the covert- 
way and outworks to obſtruct the enemy's 
approach, and when they come near the 
place, they might be tranſported into the 
inner works ; 5 as the body of the place 
would be much lower, the expence would 
be conſiderably diminiſhed. 

But when works are low, they are eaſily 
enfiladed by the ricochet batteries, which is 
a kind of firing, with a ſmall quantity of pow- 
der, by giving the gun an elevation of 10 
or 12 degrees: this might, however, be part- 
ly prevented, by making the parapets near 

the 
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the ſaliant angles, for the ſpace of 8 toiſes on 
each ſide, five or 6 feet higher than the reſt 
of the works. 

2. The covert-way ſhould be hs than 


the level ground, otherwiſe the body of the 


place muſt be raiſed very high, eſpecially 
when there are ſeveral outworks; this is to 
be underſtood only when the works exceed 
each other in height, otherwiſe it need not 
be below the level. 

The baſes of all inward ſlopes of earth 


ſhould be at leaſt equal to the height, if 


not more. 
4. The baſes of all outward lopes of earth 
100 thirds of their heights, 

5. The ſlopes of all walls or revetements 
ſhould be one fifth of their height ; but one 
fixth would be ſufficient in my opinion; 
the height of a wall is eſtimated from the 
bottom of the ditch, and not from the be- 
ginning of its foundation. 

6. The flopes of all parapets and traverſes 


are one ſixth of their breadth; that is, 3 feet 


towards the field, or the inſide, where the 
banquettes ſhould be three feet higher than 

the outſide. 
6. When the revetement of a rampart goes 
quite up to the top, 4 feet of the upper part 
8 = 
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zs a vertical wall of three feet thick, with a 
ſquare ſtone at the top of it, projecting 6 
inches, and a circular one below, or where 
the flope begins, of 8 or 10 inches diameter; 
they go | colts round the rampart, and the cir- 
© cular projection is called the Cordon. 

Where the ſtraight part of the wall ends 
and the ſlope begins, the wall is always 
made 5 feet thick; and the counterforts or 
i buttreſſes reach no higher than that place. 


partly turfed; then one fifth of the height 


get the thickneſs of the wall above. | 
And having the thickneſs of any wall 


the bottom of the ditch, the ſum ll be the 
thickneſs of the wall at the bottom; but if a 
ixth part is only taken for/ the lope, then 
a fixth part muſt be-added. 

For inſtance, ſuppoſe a rampart of zo feet 
high from the bottom of the ditch, and that 
10 of which are to be turfed ; then the fifth 
part of 10, which is 2, added to 5; gives 7 


Wir the wall above; and as this wall is 20 


ded to the thickneſs 7 above; gives 1 1 for 
the thickneſs near the foundation. 


Þ The 


. When the rampart is partly walled and 


which is af, muſt be added to 5 feet, to 


above, by adding one fifth of its hei v4 from 


feet high, the fifth of which is 4, and 4 ad- 
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I be ſeventh plate repreſents in military 
perſpective the profils of the body of a place, 
the ravelin and coyert-way, which gives 
clear idea of what is meant by a profil; and 
from which thoſe of all other works may be 
eaſily conceived. 1 os 

M. Vauban gives in the following table the 
dimenſions of walls from 19 to 89 feet high 
from 10 to 10 feet. | 0 
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OF FORTIFICATION, 
brickwork is very good, the thickneſs of the 
wall above may be reduced to 4 f feet or 4 
only ; ; but when it is bad, it may be encreaſed 
to 5 2 feet, and ſometimes more. 

That the counterforts at the faliant angles 
ſhould be well braced or bound together. 

When the ramparts are partly turfed and 
partly walled, he makes the intervals between 
the centers of the counterforts but 1 5 feet; 
5 4 but when they are walled quite up to the top, 
E theſe diſtances are 18 feet. | 
| Theſe dimenſions have been uſed in the 
conſtructions of a great many places, and 
the walls have never failed; it may be de- 
monſtrated, that his low walls are too 
E ſtrong, and the high ones too weak : but this 
12 ſhall be examined in the ſecond book, 
here practical fortification i 1s treated of. 


: | Confiruttion of M. Vauban's ſecond 
method, with Tower-baſtions, accord- 
ing 10 the plans 7 Landau and 
Befford. 


his method is 3 to the fortifying 
of places built already; for which reaſon, 
he begins his conſtruQtion inwards and for- 


— e — 2 N 


52 THE ELEMENTS 
tifies outwards, contrary to his other methods, 
as being more convenient for that purpoſe. 
rlatevIII. Let AB be the interior fide of an exagon of 
120 toiſes, draw AC, BD, from the center 
through the extremities of the fides : ſet off 
6 toiſes from A to b, and from B to c; thro! 
the points b and c, draw lines at right angles 
to AB; from the point b ſet off 6 toiſes to f 
_ outwards, and 4 from b to d inwards; and 
from the points f, d, draw perpendiculars f r, 
dn, to the capital AC; then if rE is made 
equal to rf, the point E will be the faliant 
angle of the tower baſtion ; and E d n half 
that tower. 

If in the capitals, chere be taken from 
the ſaliant angles of the tower baſtions, the 
diſtances EC, FD, of 40 toiſes, the points 
C and D will be the ſaliant angles of the coun- 
terguards before the towers: from the points 
C and D draw the lines of defence Cc, Db, 
to the points where the flanks of the towers 
cut the curtain: on which ſet off 56 toiſes 
for the faces of the counterguards, the flank 
are found as in the firſt method, and like- 

wiſe the tenailles. 
The ditch before the faliant angles of the 
towers is 6 toiſes, and its counterſcarp draw! del 
to the extremities of the flanks of the counter- ber 


guards; 
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guards; the right line which joins the ends 


of theſe flanks will determine the inſide of the 
tenailles. 


The ditch before the counterguards is 12 


toiſes at the ſaliant angles, and the counter- 


ſcarp is drawn to the oppoſite ſhoulders in 
the ſame manner as in the firſt method. | 

The capital of the ravelin is 4 5 toiſes, its 
faces when produced, terminate on thoſe of the 
counterguards, within 1 © toiſes from the ſhoul- 
ders; 10 toiſes are cut off from the faces by the 
flanks which are parallel to the capital as uſual. 

The ditch before the ravelin is 10 toiſes, 


the covert-way 5, the ſemi-gorges of the 


places of arms 12, the faces 17, and the 
glacis 20. 


Conſtruction of M. Vauban's third me- 


thod, according to the 255 En New- 


Briſ ach. 


This method] is applied to an octagon, whoſe Plate IX. 
exterior fide AB is 180 toiſes, the perpendi- 


cular CD, 30; the faces AK, BL of the coun- 


terguards 60: the flanks LN, KM are found 


by ſetting off 22 toiſes, as chords to the arcs 


ters: from the extremities of the flanks a 
| E 3 line 


deſcribed from the oppoſite ſhoulders as cen- 


53 


54 


interless the perpendicular C produced, 


THE ELEMENTS 
line is drawn, which will be parallel to the 
exterior ſide AB, meeting the capitals AE, 
BF of the counterguards at G and H; this 


line terminates the inſide of the tenaille, as 


likewiſe the faliant angles G, H of the 
tower baſtions. 

If EF be drawn parallel to GH, and 
at 9 toiſes diſtant from it, the interfedtions 
E, F, with the capitals of the cotnterguards, 
will be the centers of the towers; from which 
ſet off 7 toiſes to a for the ſerni-gorges, and 
draw the flanks be through the extremities 
of thefe ſemi-gorges perpendiculat to the line 


EF; thefe flanks are 4 toiſes inwards from 
4 toc, and 5 otitwards from à to b; the faces 
bG are drawn from the point b to the point 
G, and the lines joining the inſide of the 


flanks at the end of 4 totes will compleat 


the towers, 


The ditch is 6 toiſes before the faliant angle 


of the towers, and its counterſcarp meets the 


line GH, within 10 toiſes of the extremities 
M, N, of the flanks of the cbunter guards. 
If from the point n, where the line EF 


you ſet off 3 toiſes to the point r, and the 
lines of defence are drawn from the extre- 
tremities of the Fri gorges 4 of the towers 
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OF FORTIFICATION. 
through this pointer; then the flanks of the 
counterguards produced will determine the 


little flanks Pg of the infide rampart, and 
the extremities of theſe little flanks being 


joined, will give the curtain between them. 


The great ditch before the counterguards 


is 15 toiſes, and its counterſcarp parallel to 


the faces: the capital of the ravelin is 5 5 
toiſes, and that of the redout within it 23; 
the faces of .the ravelin are drawn to the 
faces of the counterguards within 1 5 toiſes 
from the ſhoulders, and thoſe of the redout 
parallel to theſe: 12 toiſes are cut off from 
the faces of the ravelin, and 6 from thoſe 
of the redout, by the flanks which are pa- 
rallel to the capital; the ditch before the 
ravelin is 12 toiſes, and that before the re- 
dout 6: the covert-way and glacis are the 
fame as in the ſecond method : the profils 


g in plate X, XI, referred to this method, 
may ſerve likewiſe for the ſecond. It muſt 


be obſerved, that the parapets of the counter- 


guards, on both ſides of the faliant angles, are 


raiſed 4 feet higher, for the ſpace of 20 feet, 
above the reſt, to prevent che enfilades of the 


iicochet batteries. 


We ſhall examine theſe two laſt methods 


I in the third ſection; in order to thew their 
| perfeCtions and imperfections. 


E. 4 Con- 
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Confiruftion of M. Cochorn' 5 2 
method. 


Plate XII. This author applies his firſt method to 
an exagon, and ſuppoſes that the ſurface of 
the water 1s but 4 feet lower than the level 
ground. 

Let therefore the interior fide AB of an 
exagon be 150 toiſes, take AC, BE, each 
equal to 39, and in the capitals AE, BF, 
each of 80; and AG, BH, of 40; from 
the points E, F, draw the lines of defence 
through the points D, C; and through the 
points G H, lines parallel to ED, FC; in 
which take GI, H K, each equal to 40 toiſes, 
for the length of the higher faces of the 
|  baſtions. 

rig 22 To determine the . faces E M F N, 
draw IO perpendicular to 1G, equal to 4 
toiſes; Or, parallel to IG, likewiſe equal to 
4; then r M perpendicular to EM will de- 

termine the lower face EM. . 
In order to determine the tower 3, ſee 
fig. 2; in rM, take rS of 5 toiſes, draw 
Sm parallel to E M, and equal to 14; in Or} 
produced, take likewiſe rn equal to 4, and 
in EM, MV 10 ; then if the points n,m 
[27/4 
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OF FORT IFICAT ION. 


are joined by a right line, and m, v, by an 
arc of 60 degrees, you will have the outline 
= of the tower. 

The lines IO and Or, expreſs two walls, 
the firſt has two embraſures, and the ſecond 
three; by which the author intended to de- 
fend the dry ditch, and the approach to the 
tower. | 8 
If from the points C, D, there be ſet off 
on the lines of defence 14 toiſes to the points 
Y, W; and upon each of the baſes YI, WK, 
be deſcribed an equilateral triangle, the angles 
oppoſite to theſe baſes, will be the centers of 
the higher flanks YI, WX. 

And if R be the interſection of the two 
lines of defence, RM biſected at 8, and 
RC at Q; by drawing SQ, vSQR will 
be half the tenaille; and drawing from the 
point C, a line parallel to I V, fo as to meet 
the tower, upon which the mean flank is 
deſcribed in the ſame manner as the former. 

The parapets of the three flanks, and 
thoſe of the parts m V, V M, of the towers, 
are 24 feet thick; the other parts Mr, ram, 
but 1 - ; and all the other parapets in general 
are 20 feet. 
= There is a wet ditch before the mean 
| flank of 6 toiſes broad, and another 2, be- 

_ hind 


1 
3 


Fig. 2. 


and af 4 toiſes diſtant from them. 


Hear the higher faces. 


lin are 29 toiſes, and the faces LP, 45; the 


THE ELEMENTS | 
hind the towers of the ſame breadth, over MW! highe 


which are made two draw-bridges, parallel I and 
to the higher faces. II 


The ſpate X between the higher and raveli 
lower faces of the baſtions is a dry ditch, for th 
whoſe bottom is but 6 inches above the ſur- : i and tl 
face of the water in the wet ditch. S I 

Behind the lower parapet there is a ban- b redout 
quette of 3 feet and a rampart of 3; and under neath 
this rampart a ſtone gallery, which runs from 18 inc 
one end to the other, and is divided into ſeveral N of pla 
apartments, which are ſhut with doors; as 
hkewiſe another, going from the ſaliant angle 
of the lower faces, to that of the higher, with 
loop-holes from diftance to diftance facing 
the dry ditch : there is likewiſe a row of pa- 
fades placed parallel to the higher faces, 


There are three embraſures in Or, as has ? 
been faid, fo flank the ditch 2 behind the 
towers; and two in 10 to flank the dry ditch 


The great ditch is 24 toiſes broad, and 
xs counterfcarp parallel to the lower faces of 
the baſtions; the ſemi-gorges OL of the rave- 


dry ditch V is 16 toiſes, the rampart 28 feet, 
and the lower faces a T are parallel to the 
higher 


OF FORTIFICAT ION. 
higher ones; the Ferret of which is 20, 
and the banquette 3. 
Ihe level dn of the rampart in the 
ravelin near the faliant angle is 20 feet broad, 
for the length of 20 toiſes from that angle, 
and the reſt but 1 
In the gorge of the revelin is a ſmall 
tedout a, of about 5 feet high, and under- 
I veath a lodgment of ſtones, the walls being 
£18 inches thick as the ſides; the roof is made 
F of planks, with 3 feet earth over them. 


tremities of the faces to the redout, and 
Found its angle, having a row of paliflades 
{fore it, to ſecure the retreat from the ra- 
belin into this redout ; there is likewiſe 
Locher row going from the extremities of 
Ine faces, in a round form, turning towards 
Whe gorge of the ravelin. 

In the dry ditch of the ravelin, within 6 
ſoiſes from the great ditch is a coffer, and 
þ ditch p of 6 toiſes before it: this coffet 
Wis a wall on both ſides, and the roof is 
lanked and covered with a foot and half of 
ch; above this, is a ſtone parapet of 5 feet 

bioh, with a banquette behind it. | 

There runs a covered gallery under the 
mpart of the lower faces, and another 
1 


There is à dry ditch going from the ex- 
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joining the two ſaliant angles, together wi 
a row of paliſſades, in the ſame manner as it 
the dry ditch of the baſtions. 
The wet ditch before the ravelin is 1 
toiſes; the counterguards x, which the a 
85 bor calls cover faces, are 2 5 feet broad, 
| | the ditch before them 14 toiſes; the cove 
[ way is 12 toiſes broad and the glacis 20 
ö the ſemi-gorges fg, g h, of the places 
arms, are 22 toiſes, and are taken from tl 
point g, where the branches of the cove 
way meet, and the faces f k, h k, are 28 
within theſe places of arms are traverſes 
20 toiſes broad and 18 long, within 10 
12 feet from, and parallel to the faces. 
| The ſtone lodgments b, within the plac 
/ of arms, are found by ſetting off 12 toi 
3 from the point g, for the ſemi-gorges, and 
faces are drawn parallel to thoſe of the pl: 
of arms. 
At 6 toiſes from the places of arms, 
coffers q of 8 feet broad, made with pla 
at the ſides, and above with a foot of e- 
over and before them. | 
There are two banquettes all n 
covert- way, and before the traverſes; 
two rows of paliſſades before the * . 
one of which joins them, and the other 
round the covert- way. IF 
1 


P., 60. 


Plate XII. 
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OF FORTIFICATION. 


Laſtly, the re-entring angles of the coun- 
terſcarp next to the covert-way are made a 
little round, as likewiſe that in the ravelin; 
but the contrary way, that is, they are made 
hollow. _ 


Conſtruction of M. Cornonn's 
ſecond Method. 


The author ſuppoſes an eptagon, whoſe Pl. XIII. 


interior ſide is 126 toiſes, and the level of 
the ground to be z feet above the ſurface of 
the water. 

Let, therefore, the interior ſide AB of an 
eptagon, be 126 toiſes, take in the capitals, | 
AC, BD, each of 72 toiſes; at the extremi- 
ties C, D, make the angles ACE, BDF, 
each of 40 degrees; and ſet off 66 toiſes 
3 for the faces CE, DF of the baſtions ; on 

the interior fide, take AG, BH, each of 30 
toiſes, and from the point D as center, deſcribe 
an arc through the point G, on which ſet 
off a chord of 30; and on this chord de- 
& ſcribe the mean flank GI, which is an arc 
of 60 degrees. = 

Draw a line from the faliant angle D 
through the extremity I of this flank, on 
which take Ia of 10 toiſes; join a E, on 
ubich deſcribe the orillon as afual, 


21 a 
N 


The 
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The outline of the higher flank is 12 


toiſes diſtant from that of the outline of the 


mean; this flank is an arc deſcribed from 
the ſame center as that of the former, the 
chord of which is 40 toiſes. 

From the points G, H, draw the broken 
parts of the curtain W to the 
capital of the baſtion, and make it 9 toiſes 
long: the extremity of the higher flank i: 
terminated, by the inſide line of the parapet 
of the curtain produced. 

The tenaille is found by producing the 
faces of the baſtions 10 toiſes; through the 

extremity of which, an arc is deſcribed from 
the oppoſite faliant angle of the baſtion, as 


center ; on this arc is ſet off a chord of 20 
toiſes ; and this chord ſerves to deſcribe the 


Hank upon, which is an arc of 60 degrees; 
the curtain is à right line. 
There is a wet ditch before the 3 


of 10 toiſes broad, with two bridges at each 


end, near the orillons; the one directly over 
it, and the other alon g the faces of the 


baſtion. 
The dry ditch round the body of the 


place is 20 toiſes broad, before the faces 
of the baſtion to which it is parallel, and the 


lower I ** KL 2 9. feet; the ſemi-gorges 
ML 


KF | fo 


| wich 


OF FORTIFICATION. 
ML are 15 toiſes, and the flanks LN, 18, 
and are deſcribed from the ſaliant angles K 
of the lower faces as centers. 
The ſaliant angle of the ravelin is 12 5 
toiſes diſtant from the curtain of the body of 


the place, and is 70 degrees; the faces are 


50 toiſes long ; the faces of redout x, are 
| 16 toiſes diſtant from thoſe of the ravelin, 
| and 14 long. 

| The wet ditch round the lower Hows of 
ö the ravelin is 2 4 toiſes broad; the work be- 


yond this ditch, which the anthes calls the 


| ae counterſcarp, is 20, parallel to the 
| ditch. 
Io find the broken part of this work, 


| take mr, of 30 toiſes, and draw rt, ry pa- 
| rallel to the outline of the counterſcarp, each 
| equal to 12; ſet off 22 from t, tos, and 
from v to Q; and upon theſe lines as chords 
| deſcribe the round flanks, which are arcs of 
| 60 degrees. 
| The traverſes in this contain are 
| drawn at 10 toiſes from the flanks perpen- 
| dicular to the parapet. 
The redouts 2 in the re-entring angles, are 
Fund by ſetting off 16 toiſes from the points 
m, to n for their capitals, and the faces are 
parallel 


join the two re-entring angles m, r; on which 
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thoſe marked y which are in the ſaliant angles 


THE ELEMENTS 
parallel to the broken curtain before them: 


found by producing the counterſcarps of the 
great ditch, and ſetting off 1 2 toiſes from 
the points of their interſections for their faces; 
and the flanks are drawn Pe to thei | 
capitals. 

The ditch before this ak is 14 toiſes; 
as to the covert-way and glacis, they are the 
fame as in the author's firſt method, | 


Conftrufion of M. CoxnoR N 's third 
method. _ 


The author ſuppoſes an octagon, who 
interior fide AB is 110 toiſes; the ſemi4 
gorges An, Bm, 21; the capitals AC, BD 
of the baſtions 64; and the faliant angles 5; 
degrees; the faces CE, D F of 'the baſtion 
'54. toiſes ; the parts Qs, Qr of the tenail 
32; the lower flanks, that is, thoſe of th 
tenaille, are found by deſcribing arcs throug 
the points s, r; from the oppoſite falia 
angles DC, on which are 20 toiſes ſet ol 
as chords; and theſe chords ſerve to deſcril 
arcs of 66 degrers upon, for the requird 
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From the extremities v, t, of theſe flanks, 
lines are drawn to the oppoſite angles D, C, 
and 6 toiſes ſet off from v to q; and upon q E 
the orillon is deſcribed as uſual, 

The higher flanks are deſcribed from the 
ſame centers, as the lower through the ex- 
tremities n, m, of the curtain; and their chord 
is 30 toiſes. 

The wet ditch before the body of the place 
is 20 toiſes, and its counterſcarp parallel to 
the faces of the baſtions. 

The capital V W of the detached baſtion 
is 100 toiſes; the faces are directed to the 
faliant angles of the inner baſtions; the dry 
ditch behind the lower faces in the detached 
baſtions are 20 toiſes; and the higher faces 
are parallel to the lower, and 3 1 toiſes long: 
. 2 towers x, and the ditch before them, are 
ade in the ſame manner as in the firſt me- 
thod. To find the flanks, make the ſemi- 
\gorges Va, V b, each 38 toiſes, and draw 
| the chords off theſe Hanke parallel to the 


| Apital VW; and from the extremities of 

= higher 3 draw alſo lines to the for- 
mer, upon which the flanks are deſcribed as 
Lal 

5 The counterſcarp of the ditch before the 

Fedout 2, is drawn from the extremities of 


F 


the 
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the flanks parallel to the faces; and at 6 wol 
from this the faces of the << Tot are drawn; 
4 toiſes of which are cut off for the flanks. 

The Ditch before the detached baftion i; 
24 toiſes; the ravelins, counterguards, covert- 
way, and glacis, are the ſame __ as in the 
firſt method. 

There are little pits or 8 J 1, dug be- 
tween the higher and lower curtains, to hold 
water, in order to prevent the paſſing from 
the tenailles to the flanks, 


SECTION III. 


Contai ning the general Marinu 0 
2 tion, applied in the Re 
preceding þ Pe 
and others mentioned une, 


N learning fortification, with an intentio 
to make any progreſs in it, it is not ful 
class to be capable of drawing: lines, and if 
know the names of the different works ; bi 
it is neceſſary to be well acquainted with 
n or foundation on which the pe! 
fecio8 
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OF FORTIFICA TION, 
fection and imperfection of a work depends; 
to be able to give reaſons for what is done, 


and to be in a condition to judge upon good 


grounds, what is good and what is not fo, 
in the various manners of fortifying, by all 


the different authors who have wrote on this 


ſubject. 


There are three conſiderations eſſentially 


required in a good and well ordered forti- 
cation, without any of which it can never 
anſwer the ends propoſed. 


The firſt is, the Exptncs neceſſary for 


| the building of it; for ſhould that be greater 
| than the importance of the place requires, it 


is plain that ſuch a place would be of no 


advantage. 


| The ſecond is the NUMBER of troops, to 
| guard and to defend it ; for if a place ſhould 
| require ſo many, as that the expence, together 
with providing it with artillery, ammunition, 
| and ſtores, be equal to, or exceed the revenue 
or advantage arifing from ſuch a place, it is 
manifeſt, that inſtead of being any advantage, 
| it would be a diſadvantage. 
| And the third is, the Capacity of the 
| town with regard to the ſpace taken up by 
| the fortification; for if it ſhould happen that 


| the town could not contain a ſufficient number 


F 2 of 
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of troops to defend it, beſides the inhabitants, 
it is evident that it may be taken with leſs 
expence than another of fewer works, 
provided with the fame number of troops; 
and therefore, ſuch a fortification will not 
anſwer the ends propoſed in fortifying it; 
St. Philip's Caſtle in Minorca is an inſtance 
of this fort; and ſuch are Mr. Coehorn's 
ſyſtems, as we ſhall ſhew hereafter. 

If the queſtion was only to fortify a town 
ſtrongly, without any other conſiderations, 
one might make outworks upon outworks 
without end; but if it is conſidered, that a 
whole ſtate might be exhauſted in the build- 
ing of one ſingle fortification, and gy 
would require a whole army to defend it, 
will eaſily appear, that the ſtrength and bie 
neſs of a fortified place ought. abſolutely to 
depend on the importance it will prove to 
nation. 

Beſides the general conſiderations, there 
are ſeveral particular ones; which are neceſ- 
fary in the well ordering all the different parts, 
ſo as to make the beſt defence that can be for 
2 place of that expence. 

1. There ought to be no part, but what 
can be ſeen or defended by ſome other ; 
which in the phraſe of fortification is, all 

parts 
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parts ſhould flank each other reciprocally ; 
for flanking or defending is the fame thing. 
For if there is any part that is not ſeen 
or defended, the enemy might approach that 
way under cover, and make themſelves ma- 
ſters of it, without much trouble or loſs. 
2. The defence of every part ſhould be 
always within the reach of muſket-ſhot, ſo 
| as to be defended both by great and ſmall 
fire arms; for if it be only defended by 
canon, the enemy may diſmount them by 
the ſuperiority of theirs, and then the de- 
fence would be deſtroyed at once; whereas, 
if a work is likewiſe defended by ſmall arms, 
| then, if the one is deſtroyed, the other will 
| till ſubſiſt. 
z. All the defences ſhould be as nearly 
direct as poſſible; for it has been found by 
experience, that the ſoldiers will fire directly 
before them, without troubling themſelves 
whether they do execution or not; there are 
other advantages 1 in a direct defence, as we 
& ſhall prove in the following propoſitions. 
4. A fortification ſhould be equally ſtrong 
on all ſides, otherwiſe the enemy may at- 
Jack it in the weakeſt part, whereby its 
$ | frongth would become uſeleſs. 


Eo In 


69 


0s ks GTP rs 


In a regular fortification, where all ſides are int 
equally fortified, it cannot happen otherwiſe of 
than to be every where equally ſtrong: : but it is MW for 


not ſo in the irregular, which requires great tha 
ſkill and knowledge to make a place fo; of 
and no author, that I know, has ſhewn how, gun 
and in what manner, we are to judge of the that 
ſtrength of the feveral parts in ſuch a for- on 
tification, although they all agree to the im- the 


portance of that maxim. 

There are commonly ſeveral other maxims 
given by authors, which, in my opinion, 
ought rather to be proved, than only a 
ſerted. 


PRO POSITION I. 


Of two batteries which have equal fronts, 
that whoſe fire is inn is the moſt ad- 
vantageous. 
FI. XVIII. For let AB be an object to be fired at, 
from the battery CD cl in front; then 
I fay, that this battery C D, which is direct) 
oppoſite to AB, is more advantageous than 
any vblique one, as CL, whatſoever, 
For if CD be divided into any number 
of equal parts, ſuch as ca, ab, &c. and from 


theſe points perpendiculars are drawn to CD, 
inter- 
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interſecting CL, in c, d, &c, then, if each 
of theſe parts of CD is the ſpace neceſſary 
for one gun, or for one man; it is evident, 
that each of the correſponding parts Cc, c d, 
of CL, will likewiſe be neceſſary for one 


gun or for one man: from whence it reſults, 


that there can be no more guns or men placed 
on the oblique battery CL, ſo as to fire at 
the object AB, than on the direct one CD. 


longer, and therefore of more expence than 
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* tainty, eſpecially when they are in a hurry 
and in danger, than if they were placed be- 
hind CD, where they only fire directly for- 


J ward; it evidently follows, that the direct 
1 | battery CD is more advantageous than any 


q * oblique one whatſoever, 


3 ſoldiers in a hurry fire at an object obliquely 
ſituated, but likewiſe very difficult and trou- 
bleſome; fo that beſides the advantage of a 
direct defence mentioned in the laſt propo- 


| don, this one is as much eſſential as any. 


b 


Now becauſe the oblique battery CL is 


the direct one CD; and as the troops placed 
on the battery C L, fire with more uncer- 


| MN. B. As the parapets are 3 toiſes, or 18 
feet thick, it is not only uncertain, that the 
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PROPBOSITION II. 


If the object AB be a counter- battery, 
the direct battery CD is ſtill preferable to 
any oblique one CL whatſoever. 


Let BE be perpendicular to CL produ- 


ced ; then the force, whereby a cannot-ſhot 
from the battery AB would ſtrike the bat- 
tery CD, is to the force it would ſtrike the 
oblique battery CL, as BL to BE; or be- 
cauſe of the fimilar triangles BLE, CLD, 
as CL, to CD; that us hn he as the 
lengths of the batteries. 

But the reſiſtances of the batteries are reci- 
procally as the forces whereby they are ſtruck, 
and therefore directly as the lengths or expences. 

But the reſiſtances of theſe batteries are 
only at the beginning, as the expences; for 


as ſoon as the leaſt breach is made in the wall, 
they are nearly equal: beſides, if the guns of 


the battery AB fire directly, as they eaſily 
may, except the battery CL is very oblique, 
the reſiſtances will be equal from the begin- 
ning; and as the guns are as cally diſmount- 
ed on the oblique Battery CL, as on the di- 


rect one CD, it evidently follows, that the 


direct battery CD is more advantageous than 
the oblique one CL, 
Cox. 


I To 
3 11 42 
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From whence it follows, 1. that if the " "4 
fire from the battery CD is to be directed 
towards a point A, the battery CD ought to 
be an arc of a circle, deſcribed from that 
point A, as center, 

2%. And if the fire from the battery CD 
is to be directed to a line EF, of a greater 
or leſſer extent than the battery, it ought 
again to be an arc of a circle, ſuch that the 
radi CA, DA, drawn from its extremities, 
ſhall paſs through the extremities E, F, of 
the object, and make equal angles there- 
| with, 


PROBLEM. 


Jo determine the ſeveral parts of a front 

| of a fortification. 

] I. It is evident, that every part of the Fig. 3. 
front AEFGHB, diſpoſed in the manner 

| deſcribed before, is ſeen and defended by 

} ſome other part, as well as the ditch before 
it; for the flank HG, defends the ditch 
kom the perpendicular CD to the face EA 

Y produced, as well as that face itſelf; the 


flank 
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flank EF and half the curtain, and the flank 
EF defends the other half of the ditch from 
CD to the face HB produced, that face 
the flank HG and half the curtain; and 


conſequently no part of this front can be ap- 


proached, without being ſeen and defended 
by ſome other part. 

II. The next thing to be conſidered is the 
length of the lines of defence AG, FB, which 
ſome will have to be within muſket-ſhot, and 
others longer ; the firſt fay, that the principal 
ſtrength of a fortification conſiſts in the uſe 
of ſmall arms, becauſe the guns fire but 
flowly, are ſoon diſmounted, and require 
much time to be remounted ; whereas the 
fire from ſmall arms 1s very briſk, and when 
one man 1s killed another takes his place im- 
mediately ; this is anſwered, that canon does 
greater execution, and requires much trou- 


ble to make an epaulement to reſiſt their 


force, whereas a moderate epaulement is 2 
ſufficient cover againſt ſmall arms: befides, 
when the lines of defence are of a ſufficient 
length, the feveral parts of the fortification 
become ſpacious and more convenient for pl 
cing both more guns and men in them; 

alſo obliges the enemy to extend their tren- 
ches much farther, than if theſe lines were 
ſhorter, 
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But it is evident that, although the lines 


of defence are within muſket- ſhot, there 
may be placed both ſo many men and canon 
as are neceſſary to defend the works; and 
the works are likewiſe ſpacious enough for 
all other purpoſes. 


From whence it is canals. that © 


length of the lines of defence ſhould not 
exceed the reach of muſket-ſhot, which 
is commonly obſerved now-a-days ; except 
when the front lies near a great river, and 
can hardly be attacked on that ſide, there 

they are often made longer. 
Z 1 has been found by experience chat a 
common muſket-ſhot will hardly kill a man 


1 at a greater diſtance than 160 fathoms Engliſh 


: meaſure; and therefore the lines of defence 
| ought not to exceed that length when the 
front can be approached. 

III. The length of the faces A E, BH, 
ſhould be ſuch that the flanks are of a ſuf- 
fcient length, and the gorges of the baſtions 


5 
0 
5 
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than 50 toiſes, nor greater than 70, in a 
fortification whoſe exterior — 18 180 ales 
or upwards. 

© But as to the length of the 8 
b, it is no ways determined; far fame 
A engi· 


not too narrow: they are never made leſs 
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engineers make it twice as long as others: 
they ſeem indeed to differ from one another, 
merely out of contradiction; ſince none of 
them, that I know of, has given any reaſons 
for this practice; although it be plain, that 
the longer this perpendicular is, the greater 
the flanks will be; and therefore the defence 
ſo much the greater likewiſe. 

But then the expences increaſe alſo in pro- 
portion, and conſequently the length of the 
perpendicular ſhould be determined accord- 
ing to the expence, which a ſtate will be 
at, and according to the importance of the 


place. 
IV. The poſition of the flanks is no more 
certain than the reſt, ſince almoſt all engi- 


neers differ from one another in that reſpect; 


although it is evident that there muſt be 2 


certain and determinate poſition better than 
any other. 

For if their 2 be conſidered, the poſ- 
tion will eaſily be known, as they are to de- 
fend the ditch before them and it is a recel\- 
ed maxim in fortification, that the direct de- 
fence is the beſt; and we have proved in the 
two foregoing propoſitions, that it has ſeveral 
advantages above an oblique one: it follow: 
from the corollary after theſe propoſitions, 

I that 


ſtructe 
inware 
taken 

ravelin 
nearly 
about 

buildin 
bone r 
: defend 
Wand is 
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that the flanks ſhould be an arc of a circle 
deſcribed from the point of interſection, of 
the line of defence and oppoſite counterſcarp 
produced, as center; or becauſe this arc dif- 
fers but little from its chord; a right line 
which makes equal angles with the line of 
defence, and the counterſcarp produced. 

Having thus determined the ſeveral parts 
of a front, we ſhall proceed in our examina- 
tion of the ſeveral parts of the two foregoing 
authors fortifications. 


Remarks on M. Vaunan's frf 
method. 


> This method is very ſimple, eaſily con- 
| firucted, takes up but little ground, ſince the 
| inward ſpace left for buildings is to the ſpace 
taken up by the fortification comprehending 
© ravelins and covert-way, as 970 to 1622 
3 3 that is, the fortification takes u 
Y about one and a half more ground than the 
5 buildings; it is free from all ſurprizes, by its 
ſtone revetements, requires not many men to 
defend it, by the contiguity of its works; 
Wand is of very good defence, eſpecially when 
ſome outworks are added; ſuch as counter- 
1 guards before the baſtions, lunettes, or tenail- 
Won: to cover and defend the ravelins, 


But 
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Ver it muſt be confeſtad that his flanks av Ml @ + 


too ſmall, fince the enemy can always eret dent 
counter-batteries ſuperior to them, as M. Coe. ſtrat 
horn obſerves; (pag. 11. Engliſh edit.) but lines 
with regard to the battery, which he pretends line 
to place in the ravelin, it is only a conceit, to But i 
impoſe upon the incautious reader; fince the Þ defer 
fire from the whole curtain can always de- eine. 
ſtroy that battery, as being much ſaperior radii 
to it, and which cannot be filenced till the if the 
ravelin is taken and a battery erected in it. | poſes 
The poſition of his flanks come pretty is me 
near to the true one, ſince the difference be. ¶ neers 
tween the angles made by the flank, and the f 
lines of defence, and counterſcarp produced, 
is but about 2 degrees, which is inconſiderable at 
in practice. E 
The manner of making ** flanks co We 
vered with orillons, is very good; becaul Wer 
the flanks cannot be diſcovered by any oblique 
batteries, and there may be a gun placed be. 
hind the orillon, which can be ſeen from n We 
where elſe than from the breach in the op- 
polite face of the baſtion. 9 
But for what reaſon he makes his retire * 
flanks to be a circular arc of 60 degrees, 3 
inconceivable to me; fince flanks are made 
for no other purpoſes, that I can find, thufgenai 
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to defend the oppoſite ditch ; they ought evi- 
dently to be fuch arcs as we have demon- 
ſtrated in the preceding problem, or right 
lines, which make equal angles with the 
line of defence and counterſcarp produced. 
But inſtead of defending the ditch directly, they 
defend all the part of the fortification con- 
tained within the angle Q pR, made by the 
' radii n p, mp produced; ſo that it ſcems as 
if theſe flanks were made quite for other pur- 
| poſes than to defend the ditch ; and what 
is more ſurprifing ſtill, all modern engi- 
. neers follow him, as if it were the beſt de- 
© fence which could have been invented; which 
© plainly ſhews, when men go upon uncertain | 
principles, how eafily they are led into error. 
It is true, they imagine to get more room 
dy making this fort of Aanks, and that they 
refiſt better the fire of the enemy. 
© But thefe pretended advantages are founded 
upon as erroneous principles as the reſt ; for 
| re have proved, that the flank made upon 

55 chord will contain as many guns as that 
made on the arc itſelf, and reſiſts better than 
We curved flank; as is eaſily demonſtrated by 
Nechanics. 
We have ſhewn the general uſefulnefs of 
| nailles, after their conſtruction; as likewiſe 
Whcir perfections and imperfections. 
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As the ravelins are chiefly made to cover 


the flanks and curtain, Mr. Vauban ought not ow 
to terminate their faces on the ſhoulders of _ 
the baſtions, but rather 3 or 4 toiſes beyond | 
them: thoſe of the ſecond ſort are ſtill wore, = 
becauſe their flanks lay the flanks of the ba- e. 
ſtions ſtill more open, than the firſt: the * P 
third ſort which have redouts within them are 1 
the beſt; for they ſecure a retreat to the troops - 
in the ravelin, and the enemy is obliged to A 
raiſe a battery in the ravelin to deſtroy the 0 


redout; it takes likewiſe a good deal f Fa 
ground from the beſiegers, who cannot there- 4 
fore erect ſuch large batteries in them, againſt 
the curtain or flanks. 
The lunettes are of a very good defence, 
eſpecially when there is a bonnet to cover the 
faliant angle of the ravelin, as we have men- 
tioned in their conſtruction; the fame thing 
may be ſaid in regard to the tenaillons. 
Some authors object againſt the lunettes, 
on account that the ditch, which is defended 
by the ravelin, has no defence left as ſoon as 
the ravelin is taken ; but as it is hardly poſ- 
ſible to take the ravelin without being firſt 
maſter of the lunettes, their objection is of no 
conſequence; and ſhould the beſiegers be im- 


prudent enough to paſs by the lunettes with- 
out 
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OF FORTIFICATION. 
out taking them, they muſt certainly ſuffer 
much more than if they had. 

The counterguards before the ravelins 
are but ſeldom made ; for a redout within the 
ravelin anſwers the fame purpoſe and is leſs 
expenſive : but as to thoſe before the baſtions, 
they are ſome of the beſt of all outworks, 
when they are well conſtructed; fince the ene- 
my cannot pretend to make a breach in the 
baſtion, nor deſtroy the flanks before they 
are maſters of the counterguard ; and then 
they have not ſufficient ground to make bat- 
© teries in them, to deſtroy the flanks and make 
a breach. 

Mr. Blondel, and after him Mr. Giclee, 
make their ramparts ſo narrow, as to leave no 
toom to place guns upon them; and this 
zs to prevent the beſiegers from erecting bat- 
teries there, whereby they will be obliged 
to bring earth from the covert-way, in order 
to deſtroy the flanks. But as theſe counter- 
guards are only defended in the front by 
small arms, they can make no great reſiſtance ; 
beſides, the beſiegers may make a few mines 
under them, and ſo blow up as much as 
will diſcover the faces and flanks from the 
covert-way; whereas, if their ramparts are 
| 7 or 8 toiſes broad, they cannot be deſtroyed 
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cover the gates of a town, or to build ſtore- 
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by mines; and there will nevertheleſs not | . tio! 
be ſufficient room to erect batteries in them Þ pla 
to deſtroy the flanks. oth 

I I would chuſe to make theſe counterguards Þ® he 
as high as the baſtions themſelves, in order my 
that the enemy might not diſcover the ba- plac 


ſtions but from within the counterguards; by | J 
which means the fire of the whole baſtion ci 
would defend the counterguards in ſuch & 
manner, as to make it almoſt impoſſible to 
make any lodgment there. 

The horn and crown works are chicfly 
made, to take away a ſpot of ground which 
might be advantageous to the enemy; to 


houſes and hoſpitals in them. 
The flanks are too ſmall as well as the 
fronts themſelves, and the ditches before the 
branches are too obliquely defended : the re- 
trenchments made in them are very good, to 
retire behind when the work is taken, and 
to diſturb the lodgments made there. 
Theſe kind of works ought never to be 
made, but upon the above-mentioned occa- 
fions ; for their building is very expenſive, 
and cheaper works would be of a much bet- 
ter defence; notwithſtanding M. Vauban ha 
too er made them, in the fortifics 
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tions of Tournay, Tpres, and in ſeveral other 
| clues; ; and placed them often ſo near each 
other, as would incline one to believe that 
he rather intended more to terrify an ene- 
my by their number, than to ſtrengthen the 
place. 

The covert-way ſeems to be of a ſuffi- 
| cient breadth to contain the neceſſary troops 
to defend them, and the traverſes are ab- 
| Coty neceſſary for their defence; con- 
| trary to the opinions of Mr. Coehorn and 


others; for without them the covert-way may 
be enfiladed by the ricochet batteries, from 


one end to the other: beſides, when the ſaliant 


angle is attacked, the beſieged have a ſecure 


| retreat behind them; and ſo may be defended 


Eto the laſt extremity; experience has ſuffi- 


a traverſe was three times taken and re- 
taken, 

I am not ignorant that the whole front 
of the covert-way is ſometimes attacked at 
E555 in ſuch a caſe, the trayerſes ſeem to 
be uſcleſs; but as this only happens when 
1 te narifen is very weak, or the enemy 
G _ and unſkilful, they generally 
5 dear for their raſhneſs, and ſeldom can 
Naintain 3 their ground, Beſides, the beſiegers 
j E 2 may 


3 ciently proved their uſefulneſs, for at Liſie 
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may drive the troops out of the covert- I © 
way with their ricochet batteries, when 1 4 
they are as yet far off, ſo that it is of no t! 
manner of uſe after the ſecond or third day of tc 
the attack; but to prevent the traverſes being tr 
uſeful to the beſiegers in covering them; I © 


would chuſe to make a ſmall mine under 2 
them, and when they can no longer be de- 
fended, to blow them up. | 
The arrows and detached redouts are of n 
great expence ; and nevertheleſs, are very good 
in hindering the enemy from beginning their 
trenches too near, and to diſturb them in 
their approaches; but the redouts are liabl: 
to be ſurrounded by the trenches and taken 
by the gorge, if they are not well protect 
from the covert-way or ſome other outwork; 
for which reaſon they ſhould never be farther 
from the covert-way than about 50 toiſes; 
and if they were mined fo as to be blow WR Rez 
up when they can be no longer defended, Wt = 
they would afford no ſhelter to the enem 
when they are taken. . 
As to the ſecond ditch and covert- w. tify a 
they being works only made of earth, are of Pert; 
great expence, and yet may make a very | : Y vithi 
defence, eſpecially when the ſlope of the fr! 


glacis g goes as low as the ſurface of the water 
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or when the water can be raiſed in time of 
a ſiege, ſo as to overflow the beſt part of 
* the firſt glacis; it would oblige the enemies 
to bring earth from the ſecond glacis to re- 
trench themſelves upon the firſt, which would 
coſt them a good deal of time and trouble; 
and as this muſt be done under the grazing 
fire of the covert-way, it could not be done 
without much coſt and danger : the ſecond 
covert-way ſhould be not above a foot above 
the ſurface of the water in the ditch, to 
oblige the enemy to bring carth for making 
their trenches in it. 

M. Vauban was ſo fentible of the ode 
of theſe works, that he never failed to make 
them where- ever he found the ground conve- 
nient for it; as may be ſeen at Sarre Louis, 
nt the city of Lille, and in other places. 


v Lo. © oo OOO eee eee 
* 


Remarks on M. VauBaNns ſecond 
and third methods. 


© The deſign of the ſecond method is, to 16 
W tify an old town already incloſed by a ram- 
part; and it is for that reaſon, that he begins 
within and fortifies outwards, contrary to his 
other methods, as being more convenient in 
his caſe: the tower-baitions are joined to the 
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of a tower-baſtion is repreſented. 


though their reſiſtance can be but little; for 


ſoon as they have fired once or twice, the 
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old wall, and have underneath a magazine 


in the form of a croſs; all round this maga. 


men and guns; thoſe in the flanks have 
each an embraſure which opens into the ditch | _ 
and thoſe in the faces have embraſures (6 # lef 
as to fire out of one into the other when i 
taken by the enemy; and above is a parapet 
of 12 feet thick with embraſures, as may 
be ſeen in plate XI, where a plan and ſection 


| | E o 
zine are caſemats, or cellars to hold both | ,, 
E w 

m 


As theſe towers are almoſt a ſolid bulk 
of maſonry; they muſt be of great expence, 


it has been found by experience, that the 
caſemats are but of little uſe, becauſe a 


ſmoak will oblige the defenders to leave them, 
notwithſtanding their ſmoak-holes. 

In my opinion, inſtead of attacking the 
towers themſelves, the rampart near the flanks 
of tho counterguards may be attacked; and 
then the flanks of the towers may be de- 
ſtroyed by the guns placed on the flanks op- 
poſite to them, which are already made for 
that purpoſe, and want — elſe but em- 
braſures. 


OF FORTIFICATION. 


It may be concluded, that the ſtrength 
of theſe towers does by no means anſwer 
their expences; and that if ſmall baſtions 
were made inſtead of them, without caſe- 
mats, they would be much better and of 
leſs expence. 5 : 

As to the counterguards they are very 
good, and may be defended to the utmoſt 
extremity without expoſing the town to be 
taken by ſtorm ; but their flanks are too ſmall, 
and are eaſily deſtroyed from the oppoſite 
covert-way; there ſhould either be two, or 
if but one it ſhould be pretty large. 
M. Vauban conſidering, that as ſoon as a 
breach was made in the faces of the baſtions, 
and the paſſage over the ditch finiſhed, the 
gariſon is always obliged to capitulate, 
whereby the little defence they make by no 
means anſwers the great expence in con- 
ſtructing them, rightly judged, that if they 
were detached, it would be much better ; 
for by this means they may be defended inch 
by inch to the very laſt, without expoſing 
the town. 
= For theſe reaſons M. Vauban invented his 
& third method; but as it differs only from 
the former, in having two ſmall flanks in 
E cach curtain of about 4 toiſes, which can 
| 8 4 hardly 
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hardly hold two guns each; and therefore 
add no great ſtrength, the ſame exception 
which we made againſt the ſecond method, 
may be made likewiſe againſt this. 


Remarks on M. Cornorns frſt 
method. 


Before we enter into any particulars of this 
method, it is neceſſary the reader ſhould 
know, that M. Coehorn wrote his book be- 
fore he had acquired that great experience, 
for which he has been ſo juſtly eſteemed 
one of the greateſt engineers that ever 
was, in order that they may not be miſled 
by the exceſſive praiſes beſtowed by ſome 
authors, on account of his works which 
are publiſhed, altho' impracticable in them- 
ſelves, and undoubtedly thought ſo by M. 
Coeborn himſelf, after he was a better judge 
of fortification, as evidently appears by the 
towns he fortified afterwards ; for if he had 
thought that his works could really make 
that prodigious defence, which he pretends 
in his writings, it would be very ſtrange, 
that he ſhould not have made uſe of them, 
when he had an opportunity to do it. 


Having | | 
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S OF FORTIFICATION. 

I Having thus ſhewn in general, that the au- 
thor himſelf diſapproved his works ; we ſhall 
now proceed to ſhew the advantages and 
diſadvantages of the particular parts. 

We ſhall begin, with ſhewing that the 
expence which he pretends to be much leſs 
in the building of this fortification, than that 
of the French method, is not ſo inconfider- 
able as he fain would perſuade the world: 
firſt the room within for buildings, is to 
that taken up by the fortification as one to 
three nearly, rather more than leſs; and as 
he makes his inward polygon equal to that 
of M. Vauban's exagon ; and we have found, 
that the inward polygon is to the ſpace taken 
up by the fortification as unity, to 1+; the 
E fortification of M. Coehorn's method takes 
up juſt as much ground as that of M. Vau- 
ban, and therefore double the expence for 
removing the earth; but then he ſays, that 
E much leſs maſonry is required here than there, 
and it is upon this he grounds his frugality ; 
but it has been found by experience that 
works of earth coſt as much in time, as 
thoſe made of ſtone, on account of their 
| continual repairing; ſo that in the whole 
it appears, that M. Coeborn's exagon coſts 
more, or at leaſt as much as M. Vauban's 
; exagon: 
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exagon: then if we conſider the lowneſs of a 
| theſe works, and how eaſily they may be a 
ſurpriſed ; they will require at leaſt thre if 
| times the number of troops and ammuni- m 
f tion to defend them, as the French one, m 


| 3 For when a place is out of danger from 
[ being furpriſed, there requires but a few 
troops to guard the works which are not 
attacked; whereas on the contrary, the others 
muſt be every where equally guarded ; other- 
wiſe the befiegers may make a ſham attack 
on one fide to draw the befieged that way, 
and ſurpriſe ſome of the works on ſome other 
fide. 

The next thing is to examine, whether the 
different works are conſtructed in the beſt man- 
ner: firſt, as to the upper and mean flanks, 
they ſeem to be the only thing the author bor- 
rowed from the French, and is juſt the worſt of 
all M. Vauban's works, as we have ſhewn here- 


tofore : the curtain of the tenaille would have 
been better ſtraight than crooked ; the towers the 
being but ſmall and a parapet quite round plac 
them. are very dangerous, and a fair mark ditc 
for throwing ſhells, by which there is no 4 

wa 


ſecurity for thoſe. within: the dry ditches WW 
and lower faces of the baſtions and ravelin Wi batt 
are eaſily enfiladed by the ricochet batteries; 
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and the paliſſades placed in them, to ſecure 
a ſafe retreat, are very dangerous; becauſe 
if a ſhot hits them, the ſplinters will do more 
miſchief than the ſhot itſelf; as to the caſe- 
mats in the towers, they are very bad, as 
we have ſhewn before, ſpeaking of the tower- 
baſtions ; the ſtone galleries made under the 
ramparts of the lower faces of the baſtions 
and ravelins, ſeem to be uſeleſs on account 
of the ſmoak, for the ſame reaſon as all caſe- 
mats are; and if ſome grenadiers go between 
the loop-holes and fling a few grenades 
into them, 81 muſt infallibly deſtroy thoſe 
within. 

The redout in the gorge of the ravelin 
is of excellent uſe to ſecure a ſafe retreat to 
the beſieged, which is in my opinion of the 
greateſt conſequence; for if the troops have 
no retreat, they can never defend a work ſo 
well as they might do otherwiſe. 

The wet ditch before the lodgment and 
the dry ditch of the ravelin, are in a wrong 


palace, ſince they are directiy oppoſite to the 


ditch before the counterguards; and theſe 


lodgments themſelves being only a ſtone 


wall, are eaſily — dy the ricochet 
batteries, 


The 
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and as to the covert-way, it is by much too 
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The rampart of the counterguards being ; 
only 28 feet broad including the parapet, 
they are eaſily deſtroyed by mines, as we 
have mentioned before ſpeaking of counter- 
guards; no canon can be placed in them; 
neither are their ditches defended by canon, 
except from the higher faces of the ravelin; 


ſpacious, and liable to be enfiladed from the 
beginning of the ſiege, by the ricochet bat. 
teries placed before the firſt parallel; ſo that 
of this ſpacious work, there are only the 
places of arms which can make a defence; 
the redouts in the places of arms being in- 
cloſed quite round, are dangerous to defend, 
for a few ſhells thrown into them muſt ine- 
vitably deſtroy thoſe within, or oblige them 
to quit the work; and they are contrary to 
the general maxim of fortification, that 0 
part whatſoever ſhould be fo as not to be 
ſeen or flanked by ſome other; but here, i 
the enemy gets once poſſeſſion of theſe re- 
douts, the walls near the counterſcarp wil 
cover them in ſuch a manner, as not to be 
ſeen from any part of the fortification, 
As to the coffers lodged in the glacis 
they cannot much retard the approaches dt 
the enemy, being only defended by ſmall i 
arms 
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OF FORTIFICATION. 
arms; ſo that a few gabions filled with earth, 
will eaſily cover the beſiegers againſt the fire 
of theſe works. 

It is moſt certain that when M. eln 
publiſhed his book, he knew nothing of the 
ricochet firing, the invention of which being 
of later date; and therefore was not aware of 
the inconveniences which attend now-a-days 
theſe low works; otherwiſe he would never 
have made uſe of them; and it is undoubtedly 
for this reaſon, that he never put them in 
practice afterwards, when he was acquainted 


with this manner of firing; the manner of for- 
titfying of Bergen-opzoom, differs fo little from 
M. Jauban's firſt method with orillons, that 
I took it for the very ſame till I was better 
informed; and this place is undoubtedly a 


maſter-piece of art. 
The comparing of this method with the 


3 French exagon, fortified with ravelin and 


covert-way only, is not juſt; for the one 


takes up twice as much ground, and re- 


quires about three times more troops to de- 
fend it than the other, and therefore there 


ought to be no more compariſon between 


them, than there is between a place of few 
works, and another of a great many; but 
to make che compariſon right, the author 

I ſhould 
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ſhould have compared his exagon with a 
French one of an equal number of works. 

M. Coehorn's ſecond and third method; 
are abſolutely impracticable; for their farti- 
fication takes up five times as much ground 
as the town ; and therefore, the town would 
hardly hold more people, than the num. 
ber of troops required to defend the ape 
tion, beſides the ſtore-houſes for the p 
gious number of artillery and ſtores. 

Having thus finiſhed our examination of 
the methods of the two moſt celebrated au- 
thors, we ſhall now proceed to ſhew in what 
manner the ſeveral parts of the body of the 
place are to be conſtructed, ſo as to be ca- 
pable of the beſt defence, proportjonably to 


the expence. 
A new Conflrufion. 


Let AB be the exterior ſide of any length, 
- foppole 180 toiſes; make the perpendicular 
CD of any length, as the 6th, i or 4th 
part of the exterior fide, according to the 
expence or importance of the place: here 
it is the 6th part or 3o toiſes; ſet off 50 


toiſes or more for A faces BH, AE, or 


rather + of the exterior fide; from the 
IE ſaliant 


fſalia 


brea 


ſite 
and i 
paral 
angle 
with 
'parall 
1 being 
by ta 
© perpe! 
carryi 
f perper 
from 
carpe 
nne E 


ſaliant angle A deſcribe an arc with the ra- 
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dius AI of 2 or 3 toiſes more than the 
* breadth of the ditch ; draw from the oppo- 
* fite ſhoulder H a tangent H I to that arc, 
and from the angle A the indefinite line Ab 


= R a * 


parallel to that tangent; then if from the 


angle A as center an arc a b be deſcribed 


with any radius, the flank G H is drawn 
parallel to the chord a b: one of the flanks 
being thus found, the others will be found 
by taking the diſtance D G, between the 


E perpendicular and the angle of the flank, and 
carrying it from the extremities of all the 
perpendiculars on the lines of defence, as 


from D to F; this being done, the counter- 


| carp of the ditch is drawn parallel to the 
| line HI or to Ab; and having the point 


r re- entring angle o, its diſtance from the 


| 3 of the perpendicular being carried 


l round, will give the re- entring angles be- 


ore the ©" fronts. 


The tenailles hk, which M. Bel:dor has 


| Invented, and called them Rams-horns, are de- 
! Eibed. by ſetting off 3 toiſes from the ſhoul- 


Per of the baſtion to the point h, and draw- 
= f perpendicular to the line of defence; 
hen its interſection f, with the other line of 


Wefence produced, will be the center of the 
ſc h k. | To 


96 THE ELEMENTS 


To conſtruct the Ravelin. 


Set off 12 or 1 5 toiſes from the ſhoulder: i _ 
E to the point r, in the face of the baſtion, 1 110 
and from the angle G of the flank as center, I © 


deſcribe an arc through the point r, meet- MW the 

ing the perpendicular C D produced at L; fend 

from this point L draw the faces, fo » MW the 

when produced to fall on the faces of th: I #8! 

baſtions within 3 toiſes of the ſhoulders; the WF in t] 

ditch of the ravelin is 12 toiſes. E -5g : 
| 3 t 

To conſtruct Retired Flanks. ou , 

Find the flank QR as before, on which * 


ſet off 5 or 6 toiſes for the ſhoulder or oxi 
lons; and from a point g in the oppolit f 
face of the baſtion at 5 toiſes from the i 
liant angle B, draw the broken part of th 
flank ; then draw the retired flank Ry 
to the line QR, at 5 toiſes diſtant fron 
it: the orillon may be made round in th 
manner of M. Vauban's, if it be thouglt 
proper. | 


Rematii 
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Remarks on this conſtruci ion. 


„ ͤ 5 
* ALS — 


* rior fide AB be what it will; the flanks make 
. equal angles with the Unes of; defence and 
the counterſcarp produced, and therefore de- 
fend the ditch in the moſt direct manner; 
the counterſcarp terminates at the inner 


| angle of the ſhoulder, fo that the gun placed 


b * : the ravelin is of a due proportion, 
l its faliant angle is neither too narrow nor 
too open, and its faces cover the flank of 
by baſtions ſufficientiy from being ſeen ob- 

1 ven 
= The orillons are made 5 toiſes long on- 
b Wy, which appears to me ſufficient for co- 
: Pering the retired flanks, and by making 
them fo, the flanks are larger than if they 
ere made q toiſes, as M. Vauban's: the 
Wm:-horns have ſeveral advantages over the 
Kommon tenailles, they cannot be enfiladed, 
leave more room between them and the flanks, 
0 that the rubbiſh from the flanks do not in- 
ommode the troops in the rams-horns ; and 
deing circular they ſee not only the ditch 
rely, but likewiſe the level ground of the 
HN ravelins, 


This conſtruction is general, let the exte- 


in that angle grazes all along the counter- 
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ravelins, and the oppoſite covert-way ; they 
alſo reſiſt the oppoſite batteries much better 
and are of leſs expence in their conſtruction, 
and therefore preferable in all reſpects to the 
common tenailles, 

If theſe flanks are not thought ſufficient, 
another might be made behind them, in 
any polygon above an exagon, without mak- 
ing the gorges of the baſtions too narrow; 


there might even be made another in 2 
exagon, provided the firſt be only 20 fer 


retired, and this would be ſufficient to co 
ver it. 


Jo conſtruci Horn and Crown-works, 


When there is a neceſſity to conſtrul 
horn or crown-works, either to cover a gat 


or to occupy a ſpot of ground which mig 


be advantageous to the beſiegers, and whit 
can no other ways be taken into the fortif 


Pl. XVI. tion; then the diſtance AD from the front 


hp. 1. 


the horn-work to the ſaliant angle A, of ti 
ravelin or baſtion, ſhould not exceed 16 
toiſes, otherwiſe the branches cannot be 
defended by the oppoſite faces of the baſti 
or ravelins ; they ſhould only be about 
as In this figure, if it may be done; 
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front EDF, 120; the perpendicular DC 
one fifth part of the exterior ſide, that is 
24, and the faces 30; and fo in propor- 
tion to the exterior fide : the arc deſcribed, 
for finding the poſition of the retired flanks, 
ſhould have a radius of 18 toiſes; that the 
counterſcarp of the ditch may terminate at 
the extremity of the orillon, which is but 5 
toiſes long, the flanks are as much retired, and 
made in the ſame manner as thoſe in the 
body of the place: we have added rams-horns 
E inſtead of tenailles, in order to get as much 
flank as could be. 

The branches of the horn-work terminate 
on the faces of the baſtions within 30 toiſes of 
the ſhoulders, the ditch is 1 2 toiſes, the para- 
pet of the horn-work is 12 feet high, as well 
as that of the ravelin which is conſtructed 
in the manner deſcribed before ; that is, by 
deſcribing an arc from the angle of the flank, 

through a point in the faces of the horn- 
work, 12 toiſes diſtant from the ſhoulder, 

whoſe interſection with the perpendicular 
Eb produced, will give the faliant angle of 
the ravelin; the faces terminate within 3 
E toiſes of the ſhoulder; the ditch of the ra- 
valin is but 8 toiſes; the retrenchments 8 
are conſtructed by producing the branches, 

1 H 2 and 


Fig. 2. 
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and the counterſcarp of the ditch before the 
ravelin, till they meet; and by ſetting off 2 5 
toiſes on that counterſcarp, for the firſt, and 
20 more for the ſecond; then if from the 
point O as center, arcs are deſcribed through 


theſe points, which meeting the branches, 


will give the other points through which 


the retrenchments paſs; they are made of 


earth only, their parapets ſhould be but 9 feet 


higher than the level ground, with a berm 


of 6 or 8 feet, and a dry ditch of 4 toiſes 
before them. 

The diſtance AB or radius of the arc, 
which paſſes through the points C, B, D, 
of the crown-work is 100 toiſes, and ſhould 
not exceed 120 or 130 at moſt ; the exterior 
ſides BC, BD, are 100 likewiſe ; the perpen- 
diculars 20, that is, one fifth of the exterior 
ſides; the faces 26; the radius of the arc 
which ſerves to determine the poſition of the 
flanks is 15, and the ditch 12; the branches 
terminate on the faces of the 1 within 
30 toiſes of the ſhoulders, in the ſame man- 
ner as thoſe of the horn-work ; the rave- 
lins are conſtructed in like manner as in 
the horn-work ; as likewiſe the retrench- 
ments S, except that the firſt is only 20 toiſes 
from the great ditch. 

. . Remarks 
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Remarks on this conſtruckion. 


The branches of theſe works are more 
directly defended by the faces of the baſtions, 
than thoſe which are uſually made; the 
flanks much larger and covered by the oril- 
lons, and the rams-horns added to the flanks, 
make together a larger battery than can be 
erected againſt them, which 1s a maxim in 
fortification, to be obſerved, if poſſible; other- 
wiſe the flanks are ſoon deſtroyed, the faces 
become defenceleſs, and ſo the work _ ---- b: 
eaſily be taken. nt 

It is to be obſerved, that there ſhould > 
be a row of paliſſades placed in the middle 5 
of the dry ditches before the retrenchments 
8, and the parapets of theſe retrenchments 
mould be fraiſed likewiſe; that is, there 
ſhould be a row of paliſſades placed about 
3 feet above the berm horizontally, or ra- 
ther with the points a little downwards, 
that the grenades may roll off into the 
ditch. 

For, if this precaution is not taken, the 
enemy might perſue and follow the troops 
which defend theſe works, ſo as to enter 
with them into the retrenchments, and there- 

H 3 by 
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by get maſters of them at the ſame time the 
hornwork is taken. 

The reader will eaſily imagine, that cid 
muſt be a barrier or gate in the ditch near 
the branches of the horn or crown-work ; as 
likewiſe a fally port under the parapets, for 
the troops to retire through, when the york 
is taken. 


F Conflrutii on of a place with Detached 


Baſtions. 


H * — 2 * 
3 


As a gariſon ſeldom or never ſuffers the 
enemy to make an aſſault on the baſtions 
when they are joined to the place for fear 
| of being put to the ſword, and the town 
| ſacked, the baſtions are never capable of 
| making a defence anſwerable to the expence 
of building them; it cannot therefore be 
ſaid, that ſuch a lace anſwers the intent for 
which it was fortified. 

It was for this reaſon, that M. Faubar 
invented his ſecond and third methods, as 
we have already mentioned in their con- 
ſtruction : but as his tower baſtions will 
hardly anſwer the great expence of their 
building, we thought it would not be im- 
proper to propoſe two methods, of the fame 
nature, 
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. nature, in which it has been endeavoured 

E to make every part anſwerable to the expence 

ol building them; as likewiſe to diſpoſe them 

E in ſuch a manner, as to make the beſt defence 

E that they will admit of. 

Let the interior fide AB of an octagon p,xy1.. 

be 120 toifes; take Ab, Bn, equal to 12 

toiſes for the ſemi-gorges of the ſmall ba- 

ſtions, and as much for their capitals Ac, Br; 

from the points c, r, draw the lines cn, rb 

to the extremity of the gorges, and make 

the flanks bd, nm perpendicular to the lines 

of defence; the ditch is ©6 toiſes at the 

faliant angles c, r, and its counterſcarp drawn 

to the extremities of the flanks of the de- f 

tached baſtions. | } 
The capitals c C, r D of the detached 

baſtions are 5 5 toiſes, and the lines of de- 

fence are drawn to the extremities b and n 

of the interior flanks ; the faces are 60; the 

radius of the arc which ſerves to determine 

the poſition of the flanks 18, and the ditch 

16 at the ſaliant angle. 
The ravelin is conſtructed by deſcribing 

an arc from the extremity of the flank, as 

center, through a point in the oppoſite face 

of the baſtion, within 20 toiſes of the ſhoul- 

der, which arc interſects the capital of the 


1 ravelin 
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ravelin at the ſaliant angle; the faces termi- 
nate within 5 toiſes of the ſhoulders, the ſemi. 
gorge of the redout R is 15, its faces pa- 
rallel to thoſe of the ravelin, and its parapet 
2 toiſes; the ditch of the ravelin 12, and 
that of the redout 6. 

The ſemi-gorges of the places of arms 
are 20 toiſes, thoſe of the ſtone redouts p 
within them 12; the faces of the places of 
arms are 2 5; and, thoſe of the redouts parallel 
to them, with a dry ditch of 3 toiſes be- 
fore them; the covert-way is 6, and the 
glacis 20. 

The faces of the tenailles are 1 6 toiſes, 
the paſſage between them and the flanks of 
the baſtions 3; their flanks are parallel to 
the others, .and the curtain is drawn through 


the 


defence, and the inſide of the tenailles is ter- 


minated by lines drawn through the extre- 


mities of the flanks. 


Remarks on this conſtruction. 


This method anſwers perfectly the intent 
for which M. Vauban has invented his ſecond 
and third methods; for the ſmall baſtions 


are more extenfive than the tower baſtions, 
and 


points where they meet the lines of 


_ 
_*— 
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and yet coſt much leſs in their conſtruction; 
the tenailles adding a lower flank to that of the 
detached baſtions, renders their fire ſuperior 
to that of the beſiegers; and to ſecure the 
lower flanks from the enfilades, a part of the 
faces next to the ſhoulders, ſhould be raiſed 
about 3 feet higher than the reſt, for the 
ſpace of 4 or 5 toiſes. 

The town wall ſhould be of the ſame 
height and no more, than the detached ba» 
ſtions and ravelin ; for which reaſon we 
made them all 1 5 feet high, the tenailles 3, 
and the ditches 12 feet deep; and if the 
works were only 12 feet high it would be 
ſufficient. | 
It is the opinion of ſome modern engineers, 
that if all the works were of the ſame height, 
it would be much better, than to make the 
inner ones ſo as to exceed thoſe before them 
by 8, 10, 12 feet, as is cuſtomary, 

For it is evident, that thoſe high walls 
encreaſe the expence prodigioufly, and may 
be battered at a great diſtance ; ſo that be- 
fore the enemy have carried their approaches 
bear the place, all the defences are ruined ; 
which will not happen, if a work cannot 
be diſcovered till that which is before it is 
= taken, 


It 
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It is ſaid, that when the works exceed 


| 
each other in height, the enemy can be i 
fired at from all of them at once; but S 
this is a great miſtake, for they may raiſe 1 
batteries at 300 toiſes diſtance from the place, + 
and from thence diſmount all the guns; 11 
which being continually kept playing, will 
prevent the gariſon from erecting new batte- b 
ries; and the guns being once diſmounted, h 
the fire of the ſmall arms can produce no ra 
great effect againſt the trenches. be 


Inſtead of which I would chuſe to place guns WWE 1 
in the places of arms, and keep them there till 
ſuch time that the covert-way 1s in danger of 
being attacked; and then remove them into the 
inner works, and ſo from one to another, till 
into the body of the place; for if the guns in | 
the baſtions, or counterguards and ravelin are 
not diſmounted till fuch time the covert-way 
is attacked, it will be a difficult matter to get 
and remain in poſſeſſion of it. = th: 


All the objection that can be made againſt the 
low walls, is that they are eaſily enfiladed me 
by the ricochet batteries; to avoid which, reti 
the ſaliant angles of all the works ſhould can 
be raiſed about 4 feet above the other parts, RF 
for the ſpace of 5 or 6 toiſes on each fide; WM def 
and the rainpart ſhould likewiſe ſlope towards and 


the 
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the place by 2 or 3 feet, which has been 
done by M. Yauban at New Briſach, and by 
M. Coehorn at Bergen-opzoom ; which being 
the laſt places that theſe great men have for- 
E tified, is ſufficient to determine others to fol- 
lou their examples. 
The redout p in the place of arms, ſhould 

be a wall of 3 feet thick only with loop- 

holes, and 3 higher than the glacis, or 

rather two feet lower, ſo that they cannot 

be diſcovered but from the ridge of the 
glacis; the inſide of them may be 2 or 3 

feet lower than the reſt of the covert-way, 
and ſo as to ſlope towards the ditch, that if 

any grenades or ſhells ſhould fall into _ 
key might roll into the ditch. 

© The redouts R in the ravelin ought to 
© have a parapet of 12 feet thick only, as being 
WW ſufficient to oblige the enemy to raiſe a bat- 
E tery in the ravelin to deſtroy it, which is all 
4 that is wanted ; they ſerve to retire into when 
the ravelin is taken, and obſtruct the lodg- 
ments there; from whence the troops may 
E retire into the body of the place, when — 
can hold out no longer. 

= As to the flanks they are ſo diſpoſed as to 
defend the ditch in the beſt manner poſlible, 
= and fince the detached baſtions are wide and 
L ſpacious, 
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ſpacious, a third flank may be added, if it is 
. neceſſary. 


Conflruftion of a place with Ae 
Orillon Baſtions. 


Pl. XVIII. Let tha exterior ſide AB of an octagon 
be 200 toiſes, the perpendicular CD 40, that 
is, a fifth part of the exterior fide, the faces 
AE, BF, 5 5; the radius of the arc which ſerves 
to determine the poſition of the flanks 22; 
the ditch 16 at the faliant angles; the oril- 
lon 5; the flank is retired 5 toiſes ; and the Wi 
line k d which terminates the flanks is drawn 
from a point d, in the face at 5 toiſes fron Wi 
the faliant angle ; the ſhoulders of the te- 
nailles are 20 toiſes from thoſe of the ba- 
ſtions; the flanks parallel to the others, and 
the curtain is drawa through the points of 
interſection of the flanks and lines of de- 
fence. 
Take on the lines El, Fh, e from 
the extremities of the faces parallel to the 
flanks, and which terminate the inſide of the 
tenailles, the parts In, hm, each of 6 toiſes, 
for the breadth of the ditch ; and upon the 
exterior fide rn, conſtruct a front of a po- 
lygon, by making the . 12, anc 
faces 20 toiſes. The 
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The redouts V are made of a wall 3 feet 
thick only with loop-holes, their faliant angle 
is determined by the counterſcarps of the inner 
ditch produced; and the faces terminate with- 
in three toiſes of the ſhoulders, the ditch 
about theſe redouts is 4. toiſes. 

The ravelins and covert-way are con- 
| ſtructed in the ſame manner as thoſe in the 
former method. 


REMARKS, 


This method being more expenſive than 
the former, has the advantage in proportion 
the ditch is defended by large double flanks, 
which will hold more guns than the enemy 
can oppoſe ; for we ſuppoſe the body of the 
place and the detached baſtions to be but 
z feet higher than the glacis, that is 10 feet 
© above the level; ſo that the flanks cannot 
. be diſcovered but from the ridge of the 
glacis; the redouts V, are of ſpecial uſe to 
retire into when the detached baſtions are 
taken, and to obſtruct the lodgments there; 
and as the communication from theſe redouts 
into the body of the place cannot be ſeen 
from any part, this ſafe retreat is of great 
advantage; for by this means, the troops will 

| be 


-I$ 
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be able to maintain their ground to the laſt 
extremities ; neither can the flanks of the | 
inner front be diſcovered but from the leys 
ground of the tenailles, which therefore | 


would make but a foot above the water in 


the ditch, ſo that there will not be a ſufficient 
quantity of earth to raiſe a battery. 

If the flanks and faces of the tenaills] 
were arched and open behind, it would he 
much better, for by that means the enh.f 
lading them would: be impoſſible, neither 
would the ſhells have any effect upon them; 
and then the upper flanks might be made 
two or three feet lower than the face, 
which would prevent the enfilading them by 


the ricochet batteries; but if this ſhould be 
thought too expenſive, I would make the 


upper flank 7 feet above the level, that i 


2 feet lower than the faces, and the lower one 


even with the level; but then the faces c 
the tenailles muſt be 4 feet higher than ti 
flanks, to cover them from the enfilades Wi 
for it is of the greateſt importance to pr 
vent the enfilading the works as much 
poſſible, ſince it is much more dangerou 
than to be ſeen in the front, and it is tod 
dangerous to defend ſuch a work: this ani 
the ſecuring the retreats, from one work ini 
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another, are the two greateſt advantages to 
be gained in a good fortification; and for 
which the ſtone redouts in the places of 
arms, in the detached baſtions, and thofe 
in the ravelins are all that can be done; 
for when thoſe works can be no longer 
defended, the beſieged watch their opportu- 
b nity in the dark,. or when the enemy's fire 
: ſlackens, to coli the ditch and retire ; for 
| it would be imprudent to defend them to 
3 | the laſt; and there ſhould be mines to blow 
them up, when they can be of no fur- 


| ther uſe. 


: 2 22 F 
b and Counterguards. 


b fide is 200 toiſes, the perpendicular 30, and 
che faces 53 5 the radius of the are which 
4 terminates the poſition of the flanks is 20 
3 Wtoiſes, the orillons are 5; the firſt flank is 5 
Wc retired, and the ſecond 10 from outline 
to outline; the rampart of the lower flank is 
4 4, and the ditch behind it 3; the faces are 
feet higher at the faliant angles and three 
1 . the ſhoulders, than the flanks and curtain, 
I bnd that exceſs ſhould be of turf: the ditch is 
E drawn 


This figure is an octagon, whoſe exterior pl. xix. 


7 1h 
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drawn from the extremities of the orillon pa- 
rallel to the line which ſerves to determine the 
poſition of the flanks ; the tenailles or rams. 
horns m, are deſcribed from the point of in. 
terſection, of the line of defence produced, 
and a perpendicular to the faces produced; 


toiſes ; and they are terminated by a line; 


toiſes diſtance from, and drawn parallel to 
the curtains. 


The ſemi-gorges of the and Rare 20 


toiſes, their capitals 30, and the ditch before 
them 6. 
The ſemi-gorges of the lunettes, n, the one 


is 15, and the other 30 toiſes; and the 


faces are drawn perpendicular to thoſe of the 
ravelin and the baſtions, the ditches before 
them are 8 toiſes. 

The counterguards @ are 7 toiſes broad at 
their extremities, and the faces perpend: 
cular to thoſe of the lunettes, or parallel t 
thoſe of the baſtions : the ditch before them 
is 10 toiſes. 

The bonnet b before the 0 is 10 
toiſes broad at the ends, and its faces are pa- 
rallel to thoſe of the ravelin, or perpendicular 
to thoſe of the lunette: the ditch betor 
this work is 10, the covert-way 6, and the 
glacis 20; the places of arms r, are found 
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by ſetting off 20 toiſes one way, and the 


perpendicular drawn thro? that point, meets 
ing the face of the lunettes produced, 


Remarks on this conſtruction. 


© As all the defences of this place are di- 
rect, that of the ravelin excepted, the works 
3 will be in a condition of making as great 
| a reſiſtance as can be expected; the cur- 
nin, ravelin, lunettes, and bonnet, ſhould be 
all of the ſame height; as likewiſe the coun- 
terguards and baſtions, ſo that the baſtions 
may not be ſeen but from the counterguards, 
W where there is not ſufficient room for making 
batteries to deſtroy the flanks ; the rams- 
borns ſerve to fally out into the ditch, when 
dry, or to harbour boats behind them when 
vet; their level ground ſhould not be above 
W 4 or 5 inches above water, or even with 
che bottom of the ditch when dry; and as 
. they cannot be enfiladed from any part, their 
W crazing fire will extremely well defend the 
great ditch, and that before the ravelin; as 
likewiſe che level ground of the ravelin, lu- 
nettes, and counterguards. 

Although theſe baſtions are of as great a 
efence as u pofſible, yet the enemy will in 


114 


time be able to ruin the flanks, and make 


wiſe with countermines under them, to pre- 


it can be defended no longer above ground: 
I faid that theſe retrenchments ſhould only] 


about 4 toiſes left unfiniſhed at each end 


afterwards, when the flanks are of no furthq 
uſe: by this means the baſtions will be ab 
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breaches in the faces; and this being once 
accompliſhed, the garifon will be obliged 
to ſurrender, unleſs ſome other defence be 
found; for which reaſon, good retrench. 
ments, ſuch as marked S, ſhould be partly 
made, either at the ſame time that the place 
is built, or in time of peace, with a good | 
ftrong wall and a ditch before it ; as like- 


vent the enemy from blowing them up with 
their mines; and from the bottom of thi 
ditch, galleries might be carried on under 
any part of the baſtion, to blow it up, when 


be partly made; becauſe, there muſt be 


near the flanks, in order that there may bel 
ſufficient room behind the flanks to pla 
canon; and when the attack is once made 
the parts next to the flanks, which are d 
no uſe, may then be finiſhed, and the othet 


to make as great a 3 as if e we 
acted, 
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For it is in vain to pretend that a place 
ſhould make a long and ſtout defence, tho 
ever ſo well fortified, if the governor either 
wants means, or does not know how to de- 
fend it; and there ought not to be a ſingle 


work but what ſhould be defended inch by 


inch, and when the works are ſpacious enough 
to admit of retrenchments, there ſhould be 
as many made as can be done; the works 
muſt not only be thus diſputed above ground, 
but likewiſe under ground ; for all the parts 
where the enemy is likely or muſt make 
Jodgments ſhould be. countermined, in order 
to blow them up when they can be no longer 
maintained above ground. 

The expence of making countermines Oy) 
xetrenchments is inconſiderable, in reſpect to 
that of building the fortification, and yet they 
may lengthen the defence conſiderably. It 
7 ppears ſhameful, that as ſoon as a breach 
& made in the baſtion, and often not 
Wide enough to make an aſſault, the ga- 
[ ion ſhould be obliged to capitulate ; it 


7 oft, ſhould {rve more AS A ſhew than 


Wis is undoubtedly owing to the incapacity 
5 I 2 or 


» + le r * enn , 


ems that the baſtions, which are the moſt 
Fonſiderable part of a fortification, and coſt. 


a real additional ſtrength to the place; ; 


115 


116 THE ELEMENTS 


or ſlothfulneſs of governors, who think more 
by what means to make moſt money ( 
their places, than how or in what manner the 
town is to be defended, and to provide n 
time againſt the 3 which may happen We lygo! 


in an attack. | b = 
That a town may make a conſiderable : : 10 en 
defence, though moderately fortified, is n» WW e 


: . at the 


romantick fancy, as evidently appears by the n 
mi 


ſieges of Vienna and Candia, when they wer 


attacked by the Turks; there was not! | 7 
foot of ground gained by the beſiegers which k |. 
the beſieged did not immediately cut of, % Tt 
the former made a defence of near thre WM . 
months till it was relieved, and would e ay ? 


continued fo to the laſt inch of ground d 
the whole town, if it had not, and the lu: 
ter held out ten years. 


Conforudtion of M. BzLiipo'; ' 3 
method. Whbaſtion 


Plate XX, This as 18 Part of an octagon, who 
exterior fide AB is 200 toiſes; the perpet 

_ dicular CD, 50; the faces AE, BF, 7 

and the flanks are found according to 1 hf 
Vauban's method. Wits dite 


KW of 


2 4 


T ii 


5 OF FORTIFICAT ION. 
| The line joining the extremities 4 and b 
Z of the flanks of the ſame baſtion, ſerves as 


* . 5 


N lygon; whoſe perpendicular c d is 13 toiſes, 
the faces 2 2; the parts df of the lines of 
defence, which terminate the flanks, are 14 ; 
the dry ditch before this front is 10 toiſes 
ö at the points @, b, and the counterſcarp ter- 
minates at the oppoſite ſhoulders. 
, The rams-horns g, are deſcribed from a 
3 point, in the middle of the faces as centers, 
vith a radius of 25 toiſes. | 
E The retrenchments H, are drawn from a 
point h in the face at 15 toiſes from the 
L ſhoulder to the points b, a, and are 25 toiſes 


Wlong ; ; the orillons k1, 8, and the flanks nm 


3 Hare 8 toiſes retired near the orillon, which 
Whoulders ; - the ditch before theſe retrench- 

3 ments is 8 toiſes near the parapet of the 

baſtions, and its counterſcarp directed to the 

1 ſhoulders, 

he faliant angle of the redout B touches 


the interſections of the curtains produced, 


2 the faces terminate on the faces of the 
Winner front within 3 toiſes of the ſhoulders ; 
Wits ditch is 3 toiſes ; theſe redouts are a ſtone 
Vall of 3 or 4 feet thick, with loop holes in 
Withe faces. 


13 The 


an exterior ſide to trace the front of a po- 


b Bare the chords of an arc from the oppoſite 
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of the ravelins to the outline of the Re. 
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The author having made no outworks u 
this ſyſtem, we have. added ravelins and: 
covert-way made in the uſual manner; the 
great ditch is 20 toiſes before the alan 


angles of the baſtion, and its counterſ 
is directed to the ſhoulders; and the facy 


trenchments H. 


Remarks on this conſtruction. 


This fortification has the advantage of il 
thoſe which have detached baſtions ; th 
retrenchments within are of a good & 
fence ; but the flanks of theſe large baſtiony 
which are about 26 toiſes long, ſeem to x 
too ſmall, and the great ditch too large; 
for if it was only 15 or 16 toiſes at th 
ſaliant angles, and the counterſcarp direde 
to the flanks within 2 or 3 toiſes of thi 
ſhoulders, the befieged would not find 
much room to place their counter batteries, 

The ditch before the inner front mil 
be ſmaller, that is, of about 5 toiſes; 
then the flanks would become ſo much i 
longer. 

As the ditches before the retrenchmel 
H, are directly oppoſite to thoſe before 
rave 
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ravelin, the author deſigned to make a bat- 


tery in them; for which reaſon he carries 


that ditch through the 'parapet, and leaves 
only the walls to cover it; but as the ene- 
my might ſoon deſtroy the wall, and there- 
fore need make no other breach to enter 
the baſtion, we have continued the para- 
pet, and thoſe batteries might be arched 
and open behind. 


| een, of M. BE ELID ORS fecond 
| methad. 


This figure is again part of an octagon, Pl. xxl. 


whoſe exterior ſide AB is 200 toiſes; the 
berpendicular CD, 55, and the faces, AE, 


| BF, 70, as in the former; and the flanks are 


| likewiſe found — to M. Vauban's 
method. 
Ihe line à b, which paſſes through the 
E extremities of the flanks, ſerves as an ex- 
| terior fide to the inward polygon ; whoſe 


perpendicular cd is 5 toiſes, the faces 24, 


and the flanks are chords of arcs deſcribed 
from the oppoſite ſhoulders of 'the detached 
baſtions as centers. 

This inward polygon is nothing elſe but 


| a ſtrong wall, behind the curtain of which, 
14 and 
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and of about 18 feet diſtance from it, is 
a parapet or epaulement of earth 3 toiſes 
thick; and within the baſtions are cavaliers, 
whoſe fronts are circular arcs deſcribed with 
a radius of about 23 or 24 toiſes ; the flanks 
are 7 toiſes long, and gorges 32. 

The counterſcarp of the ditch before this 
polygon is 7 toiſes at the ſaliant angles , , 
and paralle] to the curtain. 

The rams-horns or tenailles touch the 
lines of defence within 3 toiſes of the ſhoul. 
ders, and are deſcribed fo as to meet the 
other lines of defence in the ſame point 2 
the counterſcarp of the inner ditch. 

The outline of the curtain between the 
rams-horns is 9 toiſes from the ditch. 4 

The exterior fide hk of the retrench- WW 25 
ments within the detached baſtions, meets WW 
the faces within 20 toiſes from the ſhoul- 
ders; the perpendicular mn, is 17, the 


faces hl, 20; the chord on which the ori- laſt 
lon is deſcribed is 5 toiſes, as likewiſe the ZI 
retired part of the flank; the flanks and Wi 
orillons are made according to M. Vauban Wi 
method. 11 
The circular curtain and the round pat cav⸗ 
of the ditch behind it, are deſcribed with: MW had 
enter, 2 5 toiſes diſtant from the points 4. beer 


The 
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The great ditch is 20 toiſes before the 
ſaliant angles of the detached baſtions, and 
is ſuppoſed to be dry; for which reaſon M. 
BgBelidor made a caponiere to go from the 
curtain to the ravelin, of 18 or 20 feet 
wide, whoſe parapets terminate on both hdes 
in a ſlope or glacis. 

Ihe capital of the ravelin Q is 66 toiſes, 
© that of is redout P, 30; the faces of the 
E. ravelin are directed to thoſe of the retrench- 
I ments within the baſtions, and thoſe of the 
eedout to the ſhoulders ; the batteries in the 
I ravelin are retired 8 toiſes behind the faces ; 
the ditch of the ravelin is 12 toiſes, and that 
I of the redout 7. 

= The ſemi-gorges of the lunettes R, are 
23 toiſes, and the faces perpendicular to thoſe 
Jof the ravelin and the baſtion ; the ditch 
before them is 8 toiſes, and the batteries S, 
W are retired as much, and are 1 5 toiſes long: 
W laſtly, the covert-way is 6 toiſes. 


| - 
Remarks on this n e 


= If the parapet behind the curtains, and the 
cavaliers in the baſtions, of the body of the place 
had been joined to the wall, it would have 
been much better, ſince the wall will ſoon 
| bo 
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be deſtroyed, and thereby open the place at 
once: the perpendicular of the great poly. 
gon is a great deal too long, it makes the 
baſtions too big and expenſive; the great 
ditch is likewiſe too wide; the earth taken 
out of it will be more than is required for 
raiſing the ramparts. As to the outworks 
they ſeem to be extreamly well diſpoſed, and 
capable of a good defence ; but the whole 
work together is too expenſive to be ever 

made uſe of. 


8 gate, of M. BELID ORS third 
method. 


PI. XXIT. This figure is likewiſe part of 4 
gon whoſe exterior fide AB is 200 toiſes 
the perpendicular CD, 40; the faces AF, 
BF, 55; the parts Dr of. the lines of de 
fence, between the perpendicular and thi 
broken part of the curtain, 30; and thi 
length of the broker? parts rn, 25 ; the ori 
lon is 9, and is part of a flank. found ac 
cording to M. Vauban's method; the flank 
are g toiſes retired, and are arcs of 60 d 
grees; the outlines of the rams-horns al 
13 toiſes diſtant from each other; ti 
paſſages at their extremities are 3, the ou 
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moſt or loweſt is deſcribed with a radius of 
40 toiſes, and the other is deſcribed from the 


ſame center. 


gorges of the baſtions, as being according to 
our notion ſuperfluous. 
3 The center R of the arc K L, is 18 toiſes 
- diſtant from the re-entring angle of the coun- 
| E the chord K L is 44 toiſes, as well 
as the other face of the lunette; and the radius 
RE, 88; the battery H is 10 toiſes retired. 
z $ The figure m is a redout made of a ſtone 
wall full of loop holes, with a ditch 1 2 toiſes 
ee it. | 
YZ * The ditch before the lunettes is 1 2 toifes at 
the ſaliant angles, and its counterſcarp directed 
| to the extremities of the oppoſite faces. 
| * The capital of the ravelin W is 44 toiſes, 
che ſemi-gorges, 31; the flanks are 9g toiſes, 
ZE and directed to the ſhoulders of the baſtions. 
EZ The ditch before the ravelin is 10 toiſes, 
F and the covert-way 6. 


f pf the baſtions, is 1 5 toiſes broad; the ſemi- 


Ind thoſe of the redouts or ſtone wall within 
: $ em, 20, reckoning from the edge of the 
; Wcis T; and the faces are drawn parallel to 
4 4 pe oppo fate ſemi-gorges. The 
I 


We have omitted the cavaliers placed in the 


The glacis T, before the Sling angles 


© of the places of arms X are 26 toiſes; 
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The redouts S within the lunettes, are 
alſo made of a wall 3 or 4 feet thick ful! 
of loop-holes, with a ditch of 3 toiſes be- tr. 
fore them. 1 8 $ 
The dimenfions of the arrows and de. g 


tached redouts are the ſame as thoſe in M. ra 
Vauban's method, only the arrows have flanks the 
parallel to the paſſage of 10 toiſes. © bo, 
: the 
Remarks on this conſtruction. 2 

PETS cel 

the 


M. Belidor commits the fame faults in al 
his works, as almoſt all thoſe who fortiy WK © 


upon paper only; by conſidering how a plac: Ws ” ed 
might be ſtrongly fortified, without troublins the 
_ themſelves about the expences of building, ther 
or the great number of troops to defend it; Wi 15 
imagining, 1 ſuppoſe, that a Prince, or State, „ the 
ſhould ſpare no expence to ſecure the ſub- 1 e 
KD againſt a powerful enemy. If it wer: han 
only for the expence of building them, | Ml poſe 
ſhould be of their opinion; but when it 1s witl 

. conſidered how much artillery and ammu- high 
nition is required, together with the gret 5 
number of troops to defend ſuch places, it my "ow 
eafily be conceived, that their firſt notion WW e 
muſt neceſſarily vaniſh into ſmoak. plac 


But 
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But let us enter upon particulars ; the 
redouts m are intended to ſecure a fafe re- 
treat from the lunettes when they are taken; 
but as the beſiegers may eaſily deſtroy them 
with . the ſame guns placed in the oppoſite 
ravelin, which ſerve to batter the faces of 
the lunettes, as likewiſe the curtain of the 
body of the place, they will hardly anſwer 
the purpoſe for which they were deſigned ; 
he ſhould have added a parapet of 12 or 15 
feet, which would have effectually ſecured 


the retreat. The lunettes might have been 


conſtructed ſo as to defend each other di- 


E realy, as likewiſe to be defended directly by 


b the oppoſite faces of the baſtions.; and if 


there had been made counterguards inſtead 


of the glacis T, they would have covered 


the baſtions and the oppoſite flanks, and 
would not be liable to be taken ſword in 


band, as theſe works may be taken, I ſup- 


= poſe the author intended to ſecure them 


with paliſſades, but when the paliſſades are 
higher than the glacis, the beſiegers guns 


| | are equal in height with the glacis and 


will ſoon deſtroy them, and make their de- 


fence more dangerous than uſeful ; if they 


placed near the parapet, the enemy jumps 


over them ; and if they are farther off, they 


2 are 
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are troubleſome, and eaſily deſtroyed by the 
ricochet batteries; from whence it may be 
concluded, that theſe works are of li or 
no defence. 

The places of arms are too 8 and 


the counterſcarps of the ditches before the 


detached redouts being parallel to the flanks, 
render the ditch before the faces defence. 
leſs, and therefore ſerve as retrenchment; 
ready to receive the enemy, without requir. 
ing ſo much as a traverſe to cover them, 
the flanks of the arrows are made with no 
more judgment than theſe ditches, 

The rams-horns are. certainly very wel 
noujred, they are much preferable to th: 
tenailles; they cannot be enfiladed from any 
one place, reſiſt better, by their bending out. 
wards the enemy's batteries, and render th: 
flanks much ſuperior to any battery tha 
the enemy can raiſe againſt them; but the 
retired flanks have the fame defect as thoſt 
of M. Vauban's, which we have ſhewn be⸗ 


fore; it is ſurpriſing, that no author has eve: 
obſerved the badneſs of theſe kinds of flanks; 


the great character which M. Vauban has juſtly 


acquired, has probably impoſed upon thei 


underſtandings, | The ſtone redouts S, and 
X, in the lunettes and places of arms, are wr 
| doubted) 
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doubtedly very good, they add much ſtrength 


127 
| to thoſe places, and ſecure a retreat to the 
| + which defend them. 


* 


| Gnfruio of M. Buonpa's 
4 method. 


M. Blondel eſtabliſhes two ſorts of forti- p1.xx111. 


bfcations, vi. the great whoſe exterior ſide 
7 


be makes 200 toiſes, and that of the little 
E170; he begins with the angle made by 
dhe exterior Ges and the lines of defences, 
or which he obſerves the following rules. 


Subtract go degrees from the angle of 
che polygon, and take the third part of the 
: Femainder, to which add 1 


degrees, and 
the ſum will be the angle ſought. For 
example, in an exagon, the angle of the 
polygon is 120 degrees; from which _ 


po and there remains 3o, the third 


. qual to 227 


bf which is 10; this added to 15, gives = 
for the angle required. 
| He mahm likewiſe his lines of defence 


2. of the exterior fide ; that is 119 


pr 120 in the little, and 140 in the great; 
(his being premiſed, the conſtruction is as 
| Gpllows, 


Let 
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Let the exterior ſide AB of an exagon 


be 170 toiſes; the angles ABC, BAD, 25 54 
degrees each; the lines of defence AD, B( ds 
120 toiſes; let O be the point of inte. couch 
ſection of theſe lines, biſe& A O, BO i 12 
E and H; then will AE, B H be the face; WW T 
EC, HD the flanks, and C D the ſtraight 4 20 to 
art of the curtain, : terſcai 
The orillons EI, LH, are 10 toiſes each and 
the flanks are retired 5 toiſes behind the ing them 


EC, HD; in all polygons above an eptagy, 
he makes the retired flanks from 10 to 12 
toiſes diſtant from theſe lines, in 2 order to 


lengthen the curtains. The 
Each flank exceeds the flank betore nd ra. 

9 feet in height, and they are 8 toil d: Mind the 
ſtant from outline to outline. Wd cou: 
The counterſcarp of the ditch is dun bunter : 

from the extremities I, L of the orilln 

parallel to the faces of the baſtions; tt P 

counterguards are but 4 toiſes broad, 10 © 

12 feet of which are taken for the part M. 5 
the ditch before them is 1 © toiſes. 1 his t 

If from the ſhoulder E as center, ti: 1 

be an arc deſcribed through the ſhoulder Hd ob 

and from H through E, their inter. of | 

will be in the faliant angle of the n, ppea 


the * of which are directed to a 15 
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in the faces of the baſtions within 6 toiſes 
of the ſhoulders; the gorge of the ravelin 
is determined by producing the faces of the 
counterguards; the ditch of the ravelin is 
12 toiſes. 

The ſemi-gorges of the lunettes V, are 
20 toiſes; their faces parallel to the coun- 
terſcarps of the ditches, before the ravelin 
and counterguard, and the ditch before 
them is 8 toiſes ; the covert-way 6, and 
the faces of the places of arms, which are 
likewiſe parallel to the counterſcarps, are as 
much. oO 5 
| The retired batteries x, in the baſtions 
Ind ravelins, are 7 toiſes from the faces; 
Ind their lengths are determined by the faces 
L Ind counterſcarps produced of the ravelin and 
Punterguards. 


Remarks on this conft ruction. 


mn Blendel was undoubtedly a great man 
his time, and had travelled all over Eu- 
6 e and America, where he made very 
d obſervations of all the different man- 
s of fortifying, by the ſeveral nations; 


appears by his ſmall treatiſe on forti- 
rons. 


R Not- 
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method, who made his after M. Blondel. 
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Notwithſtanding his great {kill in diſco. | 
vering the faults committed by others, and r. 
endeavouring to avoid them, yet he fell into n 
others of much more conſequence; neither th 
did he conſider the great expence his method pe 
muſt coſt, (which is the caſe of moſt au- im 

thors) and likewiſe the numerous artillery i 
required to defend it. che 
However if the works were of good de. om 
fence, he might be excuſed in neglecting | doe 
the expence ; but how far he has ſucceeded ma 
in that reſpect, we ſhall make appear. L 1 
He imagines, that places are generally it i 
loſt for want of having ſufficient flanks, for the 
which reaſon he makes three, one behind WM the 
another; but they are too near each other, a gr 

ſo that the rubbiſh of the upper flank muſt 
certainly deſtroy the uſe of the lower: be- Cor, 
fides, if any ſhells fall into the lower ones, 

they muſt inevitably deſtroy the troops that T 
are there, as not having room enough to avoid Wi tifica 
them; they are likewiſe too open, and o whoſ 
more liable of being deſtroyed from the co: the fe 


vert-way, for the counterguards are not broat 
enough to ſkreen thoſe flanks, as the auth 


imagines ; ſince a few mines will foon defiro 
them, as we have obſerved in M. Coeborn' 


Thx 
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| The low batteries x, are likewiſe too nar- 
| row, and too much confined ; though they 
might have been of good defence, before 
the ſhells were ſo much uſed, which was 
perhaps the caſe, when this method was 
| invented, 
| Had M. Blonde! known the uſe & rico- 
chet batteries, he certainly would not have 
omitted the traverſes in the covert- way as he 
does; his places of arms are too ſmall to 
make any tolerable defence. 
His great ditch is too wide by much, for 
it is at leaſt 2 5 toiſes before the faces of 
the baſtions; for the expence of removing 
the great quantity of earth out of them, to 
a great diſtance, is both idle and needleſs. 


3 Conſtructiom of Count Pagan's method. 


| tifications, viz, the great, mean and little, 
whoſe principal dimenſions are contained 1 in 


| the A. table, 


K 2 | T A- 


This author eſtabliſhes three ſorts of for- 
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Let the exterior fide AB of an octagon 

be 180 toiſes, the perpendicular 30, and 
P.XXIIT, the faces 55; draw the flanks 
lar to the lines of defence, which biſect by 

a line drawn from the oppoſite faliant angles; 

the one half ſerves for the orillon, the fit 


perpendicu- 
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E cou: 
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flank is 5 toiſes retired behind the orillon, 


to outline; the faces of the cavaliers in the 
baſtions, are parallel to thoſe of the baſtions, 
and 13 toiſes diſtant from them. 

{ The great ditch is 16 toiſes, and its 
counterſcarp parallel to the faces of the 
baſtions; the capital of the ravelin 50; 


the ſemi-gorges of the redout within the 
| ravelin 15, and the faces parallel to thoſe 
of the ravelin ; the ditch of the ravelin 
12, and that of the redout 6; the fa- 
liant angle of the counterguard is 40 toiſes 
diſtant from that of the baſtion, and g 
for 10 broad at the extremities; the ditch 
before the counterguard is 12, which is 


Covert-way 4, and the faces of the places 


pf arms 8, and are parallel to the oppoſite 
; cunterſcarp. 


n his ſecond method, where the counter- 
uards T are 25 toiſes broad; they are 
bined by a crooked curtain, taken in the 
ices produced ; the diſtance AB between 
e inward and outward flank is 17 toiſes, 
þd divided into three equal parts, for the three 
| 3 flanks; 


the others are 7 toiſes diſtant from outline 


and its faces are drawn to the ſhoulders; 


the fame as that before the ravelin; the 


The author makes other outworks, as 
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flanks; the capital of the ravelin V, is here 
but 35 toiſes, and the faces directed to the t 
ſhoulders of the counterguards; the ditch be. + 
fore the ravelin is 9, the reſt is the ſame as . 
in the firſt conſtruction. 4 ta 
All the ramparts are 7 toiſes broad, out f 77 
which 3 are taken for the thickneſs of the pa. C 
rapets ; in the ſquare the lower flank is taken e 
in the fame line with the orillon, but in al au 
the reſt they are 5 toiſes retired behind it. the 
The flanks exceed each other 12 feet thi 
in height; the great ditch is 18 deep, and BW is! 
the body of the place is 36 high, taken WW tio! 
from the bottom of the ditch ; the ditchs in 
of the ravelins and counterguards are 11 J 
deep; and their ramparts are 24 high fun for! 
the bottom of the ditch ; ſo that the height iſ by \ 
of the body of the place exceeds that of of 
outworks but by 6 feet. have 
\ The great advantage that this method hi for | 
above all thoſe which appeared then, 8M © ule 
gained the author a great reputation, and h flank 
firſt ſyſtem has been uſed in ſeveral pla cauſe 
and though this is the only author wh to p 
given the true poſition to his flanks, yet K ceſſar 
has been found fault with on that very * they 
count, as being too much expoſed, and i moun 
eaſily ruined by the enemy's counter-batk his fl; 
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ties; moſt authors take it for a general maxim, 
that the direct defence is the beſt, and we 
have proved it in the beginning of this 
ſection; and yet a late French author, who 
takes M. Vauban to be his hero, ſays, that 
F; they were not ſo direct they would be no 
| leſs good, and it is not neceſſary here to ob- 
eue a geometrical exadineſs; but how this 
author reconciles his manner of arguing with 
the above-mentioned general maxim, is a 
thing I do not underſtand ; for if this maxim 
is not to be followed, it ſhould not be men- 
| tioned, and if exceptions are to be made 
in certain caſes, it is not general. 

| This author blames likewiſe Count Pagan 
for making his orillons equal to half his flanks; 
by which means, he ſays, there is ſo much 
of the flanks loſt, and a leſſer orillon would 
have been ſufficient: in which he is miſtaken, 
for there may be 4 guns placed upon the 
orillon; and if the Count made his retired 
flanks but half the ſtraight flanks, it is be- 
cauſe he thought that there is room enough 
to place as many guns in them as are ne- 
ceſſary to defend the ditch ; and by doing ſo, 
they were better hid, and not fo eafily diſ- 
mounted by the beſiegers; it is certain, that 
his flanks are too near one another ; and if 
x K 4 there 
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there were but two in polygons under an 
oactagon, it would have been much better; 
the ditch before the redout is but ill de- 
fended, which ſhould never be made with- 
out making tenailles likewiſe; fo that it might 


be defended from thence. 


His covert-way ſeems to be too narrow, 
and the places of arms too inconſiderable, 
for defending the glacis; the not making 
traverſes in the covert-way, is likewiſe a great 
miſtake, but as the ricochet batteries were 
not known in his time, there was not ſo 
much occaſion for them then, as there is 
now. a | 
The counterguards in his ſecond method are 
too ſpacious, his propoting to build hoſpitals 
ſtore-houſes, and magazines in them, muſt 
prove a great detriment to their defence, 
unleſs thoſe buildings are demoliſhed when 
theſe works are attacked. 


Count Pacan's method corrected 


The exterior fide of this octagon is 200 
toiſes, the perpendicular 30, the faces 60, 


the orillon 5; the firſt or loweſt flank is 4 


toiſes retired behind the orillon, the flanks 
are 12 toiſes diſtant from outline to outline; 
_ 0 | 5 
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the great ditch is drawn from the extre- 
mities of the orillons, parallel to the faces 
of the baſtions; the ravelins are made in the 
manner deſcribed in plate XV. 

The faliant angle of the counterguards is 


and they are 8 toiſes broad at their extre- 
mities, the ditch 12; there might be re- 
5 trenchments made in the counterguards, per- 
© pendicular to the middle of the faces, with 
E a ditch before them of 3 or 4 toiſes. 
© The covert-way is 6 toiſes, the ſemi- 
| Þ gorges of the places of arms 20, and the 
: 5 [Paces are perpendicular to the counterſcarps. 


Remarks on this conſtruction. 


All the works in this fortification have 
Ba very good defence; the compactneſs of 
. e works, and the little expence in reſpect 
Wo the extent of the town, makes this me- 
| Mod far preferable to any other. 

Me have made but two traverſes in each 
I branch of the covert-way, but becauſe of 
eir length, there may be made three, to 
event better the enfilades of the ricochet 
Wtteries ; theſe traverſes need not be ſo thick 
; they are generally made, for 10 or 12 feet 


would 


K LY . — ales 
W ö 
ro te Ea Ree 
N C 3 
18 N R 
* ** 


EL toiſes diſtant from that of the baſtions, . 


"IF 


—— 1 


FCC wr ur I egrwrrroneg 47 ren oO or OO RR, 


138 


find no advantage in attacking either of i 


THE ELEMENTS 
would be ſufficient to reſiſt the ricochet 
batteries. 

As the flanks are here perpendicular ta 
the lines of defence, it was neceſſary to make 
the counterſcarp of the great ditch parallel 
to theſe lines, according to what has been 
ſaid with reſpect to the true poſition of 
the flanks, at the beginning of this ſection. 

If the lower flanks were arched and open 
behind, in all places that have two or thre 
it would be much better, ſince this would 
effectually prevent the enfilading them, when 
they are not covered by orillons; they would 
likewiſe be out of danger from the ſhells 
eſpecially when there is a ditch behind, and 
the level ground goes ſloping towards the 
. 
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SECTION III. 
¶ irregular Fortification. 
HE moſt eſſential principle in fortifo 

tion, conſiſts in making all the fronts 


a place equally ſtrong, ſo that the enemy ma 
fide 
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ſides; this can happen no otherwiſe in a re- 
gular fortification ſituated in a plain or even 
ground; but as there are but few places 
which are not irregular, either in their works 
or ſituations, and the nature of the ground 


may be ſuch as makes it impracticable to 


build them regular, without too great ex- 
pence ; it is ſo much the more neceſſary to 


ſhew in what conſiſts the ſtrength or weak 


neſs of a town irregularly fortified, ſo that 
the weakeſt part may be made ſtronger by 
additional outworks; as likewiſe if ſuch a 
place is to be attacked, to know which 
is the ſtrongeſt or weakeſt part. 

All the authors who have wrote on for- 
tiication, that ] have ſeen, are ſo deficient 
in regard to this, that not the leaſt know- 
ledge can be gathered from their writings, 
they do not even mention any thing about it; 


from whence it might be concluded, that 


there can be given no general rule, whereby 
the ſtrength or weakneſs can be diſcovered; 


and if we conſider the ſeveral attacks that 


were made in the late wars, one would be 


inclined to think, that the engineers were no 


ways acquainted with it. 
That M. Vauban underſtood irregular for- 
tiication perfectly well, is 8 from thoſe 
places 
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places he has fortified of that kind; and 
yet his commentators mention nothing of it; 
they very often laviſnly beſtow their praiſe 
on ſome of his works, which do not deſerve 
it, and are filent upon thoſe which are very 
juſtly to be eſteemed, 

When the ſituation of a place i is ſuch that 
it cannot be regularly fortified, it ſhould be 
contrived to make it nearly ſo; that is, inſtead 
of inſcribing it in a circle, it ſhould be in. 
ſcribed in an oval, fo that one half my 
be like and equal to the ather half; and 
when this cannot be done, it fhould he 
made as regular as it poſſibly can be, and 
as much as the nature of the ground wil 
admit of. 

But to reduce irregular fortification into 
ſome form, that from thence their perfection 
and imperfections may be diſcovered ; we 
ſhall ſuppoſe in the firſt place, that one 
half of the place is equal and like the othe 
half; and then ſhall ſhew the application d 
this principle, in all forts of irregular places. 


PROPOSITION. 


If a fortification be inſcribed in a 


oval, that is, if the one half is equal ani 
like 
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| like the other half; I ſay, that the ſides 
CD, GH on the flat parts are ſtronger 
chan the ſides AB, E F, on the narrow parts, 
© ſuppoſing all the exterior ſides equal and the 
| place equally fortified. | 
4 It muſt be conſidered, that a front may 
be eſteemed more or leſs ſtrong, in pro- 
Leon as the beſiegers are obliged to make 
more or leſs works in their approaches; and 


Poduced, ſhall always fall without the for- 
Pifcation, otherwiſe they may be ſeen in 
ont by ſome of its parts; therefore when 
, e angles BCD, CDE of the polygon 
Wre very great, and the beſieger comes within 
mall diſtance of the works, he cannot 
Ipproach any nearer without being ſeen in 
Font, excepting by a direct ſap, with tra- 
| Files; ; and as this way of approaching pre- 
Wnts but a ſmall front, the beſieged, who 
1 ve a much larger, may oppoſe what obſtacle 
I 8 pleaſe. 
And on the contrary, if the angles HAB, 
3 C of the polygon are very ſmall, the 
egers may carry their approaches to the 
7 counterſcarp, and have always a larger 
Int than the beſieged. 


Ihen theſe approaches are ſuch, as being 


Moreover, 
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| the front CD will be; becauſe the length 
| of the line BE increaſes, and the extent of 
| the beſiegers approaches in proportion, as 
has been proved in the foregoing propoſi- 
| tion; conſequently the ſtrength of a fortifi- 
cation increaſes in proportion to the number 
and length of its fides; that is, a dode- 
| cagon is ſtronger than an octagon, ſuppo- 
ſing the length of their fidts equal; and an 
| octagon, whoſe ſides are 200 toiſes each, 
is ſtronger than another octagon, whoſe ſides 
are only 180; and hence a right line forti- 
fed, is the ſtrongeſt of all, contrary to the 
opinion of moſt engineers; there are even 
ſome, who imagine e the contrary 
to be true. 
N. B. The truth of the foregoing pro- 
E poſition and its corollaries, is likewiſe con- 
firmed by practice and experience; firſt, as 
to practice, if the plan of Namur be con- 
fidered, it will be found, that at St. Nicolas 
gate, where the town is narroweſt, there are 
more works than in any other part; at Cam- 
bray near the Canti pers and Seille gates, where 
the place is narrower than any where elſe, 
chere are horn-works; at Lille, near the gate 
of the ſick, is a caſtle in the curtain, a 
ravelin and counterguard before it, as like- 
7 as 1:0 of 
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dance of other examples might de given, 
which confirm the foregoing propoſition, 


before it; Lille in Flanders, when beſieged 
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wiſe a horn- work before each baſtion; abun. 


Experience has ſhewn likewiſe that large 
places moderately fortified, have made het. 
ter defences in proportion, than ſmall one 
of more works; for Metz in Lorrain wi 
beſieged, without ſucceſs, by Charles the vt 
emperor of Germany and king of Spain, i. 
though he had an army of 100,000 me 
and the town was only fortified with a fin. 
gle rampart, without baſtions and a dry ditch | 


by the allies, made a much better defence 
than any other place in that country; an 
laſtly, Prague in Bohemia, when beſieged 
by the Auſtrians, which has but a rampar 
with baſtions and a dry ditch, and yet the 
beſiegers were obliged to abandon it, with 
out being in a condition to take it. 
It may be ſaid, that theſe places had ſtroy 
gariſons, ſkilful governors, and well providel 
with every thing neceſſary for a good d: 
fence, and that the Auſtrians before Progi 
were in want of artillery and ammunition 
to carry on the ſiege, and that the fame 
place was taken a year before by the King 
of Pruſſia and the French, in the firſt a” 
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To this may be anſwered, that theſe places 


were only gariſoned in proportion to their 
extent, and Lille was obliged to ſurrender 
| ſooner than it would have done for want of 
powder and ammunition ; and as to Prague, 
if the Auſtrians had been well provided with 
neceſſaries, they would have found it a dif- 
fcult matter to force it, as may be judged 
4 b their beginning, ſince what works and 
batteries they made, were deſtroyed by the 

beſieged, and their cannon nailed up. 
There are ſeveral other advantages in large 
fortified places, which cannot poſſibly be 
had in ſmall ones; as that the ſick and 
Grounded may be lodged in a quarter re- 
note from the attack, where they are pretty 
cure from the beſiegers ſhells and cannon- 
hot ; the ſeveral artificers neceſſary in a ſiege 
bay do their buſineſs with leſs diſturbance, 
nd thoſe troops which are not on duty, 
ay reſt and refreſh themſelves, whereby 
Fey are better able to do their duty; and 
ly, the powder may be lodged in ſeveral 
agazines at ſome diſtance from each other, ſo 
Wat it is not in the beſiegers power to deſtroy 
Dem, at leaſt not all; whereas it is a diffi- 
t matter to lodge powder in ſecure places 
{mall fortifications, the ſick and wounded 
L arg 
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are in a continual apprehenſion of being 
deſtroyed by the ſhells of the enemy, ag 
happened in the fiege of Qfend laſt year 
where there was not any one place ſecure 
from danger; and the troops not. on duty), 
having nO place to reſt themſelves in without 
fear, will never be able to act with that ſpirit 
as they would do otherwiſe. 

It appears to me a vain imagination to 


think, that a fortification ever ſo ſtrong, with 


a ſmall gariſon, can reſiſt long a numerous 
army ; for if their loſs is ever ſo incon- 
ſiderable, in reſpect to that of the beſiegers 
it muſt nevertheleſs prove a great detri 
ment to them in the end; on the cont : 
ry, nothing, in my opinion, but a pro- 
portionable number of troops in a gariſon, 
to that of the beſiegers army, can male 
a proper defence according to the bigneſs of 
the. place. | 

. Having thus proved the foregoing pro- 
poſition, and confirmed it by practice and 
experience, it will ſerve as a maxim or a ge. 


neral rule, on which irregular fortification | 


to. be eſtabliſhed; as likewiſe a ſtandard, 
| whereby the ſtrength or weakneſs of thoſe 


already fortified, may be diſcovered, 
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As tlie ſitnations of irregular places are ſo 


various, it is impoſſible either to enumerate 


| them, or to give an example of each; there- 


fore. we ſhall- endeavour to give ſuch as are 
moſt common; and uſeful at the ſame time, 
by whicli the intelligent reader may be guided 
in any other caſe that may occur to him. 
If a ſituation is ſuch, as to make it im- 
| poſſible: to reduce it into a regular form, it 
| ſhould: be brought to one as near as can be 
done; that is, if the polygon cannot be! 
inſcribed in a circle, it ſhould be inſeribed 
in an ellipſis or oval; but as this inſeription 
s pretty difficult, we will give another me- 
W thod, which anſwers the ſame purpoſe, and. 
is very eaſy in practice. 
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Suppoſe a ſpot of ground to bo reduci- p. XXIV. 


ble to the figure ACE Gy, draw BF, AF 
parallel to each other, ſo as the interval 
may be 180 or 200 toiſes, more or. leſs, 
according as the nature of the ground will 
admit. 

To theſe lines draw: CH; DG mat. 
cular, and equally diſtant from the points 
B, E, ſo as tlieir interval be equal to that 
Jof the lines BE, AF; this done, draw. 
DC, GH parallel to AF, BE, and equally 
bed from them, and from their inter- 
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ſections Ci D, H, G, with D G, C H, as 
centers, deſcribe arcs, with a radius equal 
to CD, or GH, ſo as to interſe the lines 
AF, BE, in A, B, E, F, and join the points 
A, B, and E, F; dien will ABC DEF OG, be 
an oblong oftigen, ſo that one half will he 
fimilar and equal to the other half. 

Much after the fame manner may he 
deſcribed any other polygon ; for example, 
in an exagon, inſtead of drawing the two 
lines CH, DG, there need be but one, in 
a decagon three, and in a dodecagon four, 

If it ſhould ſo happen, as that all the 
ſides cannot be made equal without too much 


expence ; then the ſides AB, E F, on the | 


narroweſt part of the polygon, ſhould be 
the longeſt if poſſible, on account of its 
being the weakeſt, as has been proved be- 
fore. 


It may ſometimes happen, that the Fgur 


cannot be made regular in any reſpe&; in 


ſuch a caſe, the ſtrength of each fide mult. WM 


be eſtimated according to the works a be- 
ſieger is obliged to make in the attack, 
and according to the obſtacles he meets will 
in his approaches. 

If ſome parts of a place are commandel 


8 er 


in front * a hill, the e mult be raikd| 
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8 or 9 feet high, inſtead of 6 only, as is 
cuſtomary ; if it is in the reverſe, then a 
traverſe muſt be made along the capital of 
a ſufficient height, to cover the work, or 


in both caſes, cavaliers may be made nearly 
rin the ſame form of the baſtion. 
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an abſolute neceſſity of fortifying a re-entring 
angle, in which caſe, the works muſt be 
conſtructed in ſuch a manner, that there 
may be no part but what can be flanked, 
or ſeen by ſome other part; in ſhort, all 
that art and knowledge can furniſh ſhould 
be uſed in irregular works ; the weakeſt 
parts ſhould be made ſtrong by an addition 


be commanded by a neighbouring hill, or 
| riſing ground ; and if that cannot be avoided, 


© WH ticular care ſhould be taken to make every fide 
n WF <qually ſtrong, and to be as frugal in the 
it expence as poſſible, that the expence of 


building and the maintaining a garriſon, may 
not exceed the advantage ariſing from the 
tortifying of the place. 

I have ſeen a project of a fortification 
| which was to be built near a paſs, to occupy 
a hill which' commands a neighbouring for- 


L 3 tification, 


It may ſometimes happen, that there s 


ef works; care muſt be taken that no part 


to raiſe traverſes or cavaliers; in general, par- 
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tification, of a very odd figure, 8 
made by an engineer of great repute; it 
was impoſſible to judge, from the diſpoſition 


of the works, for what intent tho fortifica- 


tion was to be made. 

When a place is to be fortified, it is of 
the greateſt importance to employ ſxeilful en. 
gineers to form the project; and to thaw 
it afterwards examined with great care and 
judgment by others, in order to 'be- fatished 
that the figure is properly adapted to the 
ſituation and nature of the ground, and the 
number of works anfwerable to the impor. 
tance of the place; but above all thing 
the expence of building, as likewiſe the 
number of troops for the gariſon, ſhould he 
well conſidered; for without that it is mo- 
rally impoſſible that the place fhould anſwer 
the end for which it is bull. 


Confei 1 of an ir * pla 
fatuated in an open Country. 


If the place to be fortified be an 0 
town incloſed by a wall or rampart, 2s it 
molt frequently happens, the en gineer 15 t0 
conſider well, all the different circumſtances 
of the figure, ſituation, and nature of the 
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ground, to regulate his plan accordingly, ſo as 
to avoid the diſadvantages, and gain all the 
| advantages poſſible ; he ſhould examine, whe- 
| ther by cutting off ſome parts of the old 
| wall or rampart, and taking in ſome ground, 
| the place cannot be reduced into a regular 
| figure, or nearly ſo; for, if that can be done 
| without increaſing the expence conſiderably, 
it ſhould by no means be omitted; old 
towns have often towers placed from diſtance 
| to diſtance, as Douay, Tournay, and many 
other places, which are generally made uſe 
of, and mended when it may be done; if 
there is a rampart without baſtions or towers, 
it muſt be well conſidered, whether baſtions 
may not be added, or if it is not better to 
make only ſome outworks; if the ditch 
about this rampart is not too wide and deep, 
it would be advantageous to make detached 
baſtions, otherwiſe ravelins and counterguards 
muſt be conſtructed; ſpecial care muſt be 
taken, to make all the ſides of the polygon 
as nearly equal as poſſible, and that the 
length of the lines of defence do not ex- 
ceed the reach of muſket-ſhot ; but if that 
cannot be done, thoſe ſides which are on the 
narroweſt part ſhould be made the longeſt, 
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If it ſhould happen, that ſome of the ſides 
are inacceſſible or of very difficult approach, 
either on account of ſome precipice, marſhy 
ground or inundation, they may be made 
much longer than the others, which are of 
eaſy acceſs, and the flanks need not be ſo 
large as the reſt; by doing ſo, there wil 
be ſome expences ſaved, which may be uſed 
in making the other ſides ſtronger by adding 
more outworks, | 

There are few ſituations, but what arc 
more advantageous in ſome parts than in 
others; it is therefore the buſineſs of an 
engineer to diſtinguiſh them, and to render 
thoſe ſides ſtrong by art, which are not ſo 
by nature. 

If the ſituation is low BE watry, lunet- 
tes or tenaillons, and ſuch other ſmall out- 
works ſhould be conſtructed, becauſe they 


are not of any great expence, and may 


make a very good defence ; but if one fide 
of the place is only low, and running water 
1s to be had, a ſecond ditch and covert-way, 
with lunettes, may be made, by obſerving, 
that if the firſt glacis is made to flope, 
ſo as to become even with the level of the 
water 1n the ſecond ditch; 
can be ſwelled, by means of dykes or — 
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or if the water 
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| ſo as to overflow the beſt part of the firſt 
| glacis, it ſhould be done ; for by ſo doing, 
| theſe works will be able to make a very 
good defence, ſince the befiegers will find 
| it a difficult matter to lodge themſelves upon 
| this glacis, which cannot be done but within 
a a few toiſes of the firſt covert-way, where 
| the beſieged are ready to receive them, and 
to deſtroy their works with great advan- 
| tage; Whereas the enemy cannot fupport 
their workmen but from the ſecond covert- 
W way, which is too far off to be of any great 
| ſervice to them. 

But if the fituation is of a dry nature, 
without any water about it, caponiers ſhould 
be made in the great ditch, from the cur- 

tains to the ravelin, and batteries raiſed in 
the entrance of the ditch before the rave- 
| lin, whoſe parapet muſt ſlope off into a gla- 
cis, ſo as to afford no cover for the enemy 
behind them ; arrows and detached redouts 
| are likewiſe very proper to be uſed in ſuch 
a caſe, and ſometimes horn or crown- 
works, if it ſhould be thought convenient ; 4 
but theſe works ſhould never be conſtructed, 1 
without an abſolute neceſſity, either to oc- 
cupy a ſpot of ground which might be ad- '' 


rantageous to the enemy, or to cover ſome 


I gate | 
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gate of entrance into the town, for they are 


of great expence, and their defence ſeems 


not to be anſwerable to it. 

Moft of the places in Flanders are for- 
tified with horn- works, ſuch as Ipres, Tour. 
nay, Lille, and others; Lille has four, Tpres 
as many, two bf which are injadiciouſly 
placed near one another. I am farpriſed 
that M. Vauban, who undoubtedly was in 
all reſpects the beſt engineer, and who for. 
tified many places with 10 much judgment 
ſhould have been ſo fond of making theſ 
kind of works, which are, in my opinion 
the worſt of all his fortifications, in the 
manner they have been conſtructed in the 
above-mentioned places; it muſt certainh 
have been before he had acquired that know: 
ledge, for which he is fo much eſteemed; 
and what renders this conjecture probabk 
is, that he has but ſeldom made uſe d 
them, in the conſtruction of thoſe place 
which he fortified in his latter time; au 
where he made any, it was always to cont 


aà gate or entrance into the town. 


If the place to be fortified is new, ani 


lar conſtruction; particular care n 
taken, in chuſing ſuch a ſpot of ground 
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is moſt advantageous, and leaſt liable to any 
| diſadvantages, either in the building or in 
| the maintaining of it; all hills or riſing 
grounds ſhould be avoided, which might 
command any part of the works, marſhy 
grounds, becauſe ſuch ſituations are unwhole- 
1 © ſome, or lakes and ftanding waters for the 
ſame reaſon, excepting a lake is, or may be 
made navigable ; good water ſhould be had 
| leiter within the place or near it, for it is 
7 bſolutcly neceſſary for men and cattle ; 
| (he air ſhould be wholeſome, otherwiſe the 
| : rontinual fickneſs that may reign in ſuch a 
place, might prevent people to come and 
live in it, and the gariſon would not be in 
condition to defend themſelves as they ought 
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4; nmaturely l before a reſolution i 1s 
1 Ren to fortify any place. 
0 


When a ſituation is pitched upon, the 


act Wi Ert thing to be conſidered, is the bigneſs 
ul WF the town and the number of its outworks, 


p Which muſt abſolutely depend upon the con- 
Wc uence ſuch a place is of to a nation; if it 
n only to guard a paſs, or entrance into a 
reg ontry, it need not be fo large; but if it 
& Vil to be a place either to promote or to pro- 
and et trade, it ſhould be age and commo- 


1 


p do; in ſhort, all the different circum- 
ances attending ſuch an undertaking ſhould 


dious; 
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dious; the ſtreets. ſhould be wide, and the 
buildings regular and convenient; as to wha 
regards the fortification, its conſtruction ſhoul 
depend on the nature of the fituation, and 
the number of works, on the funds, or ex. 
pence a prince or a nation will be at; 
which however ought to be according t 
the benefit ariſing from ſuch a place. Por 
as ſuch undertakings are of very great ex. 
pence, an engineer cannot be too ſparing i 
his works, on the contrary the greateſt oec. 


nomy ſhould be uſed, both in regard to th 


number of works, and to their conſtruc, 


The body of the place may have * revetemen 
quite up to the top, or only in part, and tk 
reſt turfed; but as to the outworks, they ſhoull 
have half revetements, or they may be mit 
with turf only; as being not ſo neceſln 


to prevent the place from being ſurprikd 


and may nevertheleſs make a good defence, 
The plate XXIV, is the plan of an oc. 
gon, one half of which is fimilar and equ 


to the other half; it being ſuppoſed, ti 


the ſituation would not admit of a fort 


cation quite regular; the exterior fides i 


Cadel 


* Revetements are chiefly made to prevent a place fit 

being ſurpriſed ; outworks do not want to be made ſo, 

taking them by ſurpriſe is of no great conſequence, excef 
a a ſiege, when other cautions are uſed to prevent it. 
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each 180 toiſes, and the works are con- 
ſtructed according to our method; but be- 
cauſe the ſides AB, EF, are weaker than 
| the reſt, as has been proved before; we have 
added tenailles, redouts in the ravelins, and 
Þ lunettes, to render them nearly equal in 
| firength with the others. Inſtead of lunet- 


may be thought convenient and according 
Ito the nature of the ground. If it ſhould 
de judged neceſſary to add other outworks 
to the ravelins all round the place, care 
muſt be taken to add likewiſe more to the 
Wronts AB, EF, in order to render the ad- 


ather ſide equal. 


Lonſtruction of an irregular place, 
| ſituated ona hill, or rock. 


In the conſtruction of ſuch places, care 
muſt be taken that no neighbouring hill com- 
ands any part of the works, the town ſhould 
Vi ways be built on the higheſt part; but if 
st ſhould be thought more convenient to 
lace it lower, then the upper part muſt be 
ortified with a fort; the ſituation ſhould 
de made level as near as poſſible, by re- 
Poring the earth from ſome places to fill 
1 "Pp 


tes, any other works may be made, as it 


antages and diſadvantages of attacking on 


1 


0 
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up others; and if it cannot well be levelled 
without extraurdinary expence, works mull 
be made on the higheſt part, ſo as to com. 
mand and protect the lower; the works 


aught to occupy. all the upper part of the 


hill, but if it. ſhould be too extenſive. tg 
be all incloſed, or fo. irregular, as not to be 
fortified without great inconveniency, the 
parts. which fall without ſhould. be fortifcl 
with ſome: detached. works, and a commu- 
nication with the: place muſt be made eithe 
above or under ground. There. ſhould b. 
no cavity or hollow roads, within canon- lt 
round about the place, where the: eneny 
might be able to approach under. cover; if 
there ſhould happen to be! a ſpring, ner 
the top of the hill, it ſhould be incloſe 
in the fortification, or if that cannot he 
done, by, ſome watk or other; for there i 
nothing more neceſſary, and at the ſame tim 
ſcarcer in ſuch ſituations than water, for whid 
reaſon there cannot be too. much care taka 
in providing it; ſeveral ciſterns are to b 
made, to. receive the rain water, and to po 
ſerve i it; wells ſhould be dug likewiſe, thoug 
ever ſo deep, the water of which will ſers 
for common uſe, 

Places built. on hills or rocks, ſhould. ne 
ver be „lde, for their uſe is generally t 
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OF FORTIFICATION. 
d paſſes or inlets into a country, and 
| ace dom uſeful. in traffick, and it is a dif- 
| ficult. matter to provide for a large gariſon 


; in ſuch ſituations, neither ſhould any ſuch 
I olacs be built without ſome very material 
reaſons 3 but when it is abſolutely neceſſary, 


[goat care and precautions ſhould be taken 


* tender the works as perfect as the ſituation 


W admit of, and at the ſame time to be 
Is frugal. in the expence as poſſible, 


ne on of irregular Portifica- 
| tions, fituated near rivers, , Jakes, or 
the ſea. 


As. the intent of huilding theſe kind of 


ces, is chiefly to facilitate and protect trade, 
t is. of much. more importance than any 
cher kind, eſpecially in maritime countries, 
here the principal ſtrength. and power de- 
ö ends on it; for which reaſon, we ſhall treat 
e it mare largely than of any other part, 
The firſt. thing to be conſidered is their 
Wtuations, "which ought, to be. ſuch as, to 
Ford a good harbour for ſhipping, of a ſafe 
pd eaſy entrance in ſtormy weather; but 
it is. hardly Poſſible to find any, where 
Pips. may. go in. and lie. ſecure, with, all 
winds, 
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winds, care ſhould be taken to make them 
ſafe to enter with thoſe winds which are mof 
dangerous but it is not ſufficient that the 
harbour is ſafe againſt ſtormy weather, they 
ſhould likewiſe be ſo againſt an enemy, both 
by land and water; for it often happens that 
ſhips are deſtroyed where it was imagined 
they were ſecure, which is of too great 2 
conſequence not to be provided againſt ; for 
which reaſon, forts or batteries muſt be buil 
in the moſt convenient places, to prevent M 
the enemy's ſhips from coming too near, f 
as to be able to canonade thoſe in the ha- 
bour, or fling ſhells amongſt them; and i 
there is any danger of an enemy's approach 
by land, high ramparts and edifices muſt be 
built, fo as to cover them, 
When a river is pretty large, and it is nt 
convenient for making a harbour withat 
great expence, the ſhips may ride along tix 
ſhore, which, for that reaſon, muſt be mad: 
' acceſſible for ſhips of burthen ; this may be 
done by advancing the quay into the rie, 
if the water is too ſhallow, or by diggin 
the river ſufficiently deep for that purpoſe. 
And to prevent any enemy from comuy 
up the river, forts muſt be built on bob 


ſides, eſpecially when there is any turning 
f C 
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lor windings. Antwerp is ſuch a place, for 
the Scheld is ſufficiently deep to carry ſhips 
pot great burthen, which may come quite 
near the town-wall; and ſeveral forts are 
Pol below it on both ſides, ſo that it would 
hot be an eaſy matter for an enemy to come 
pp the river. 
When the river is but ſmall, fo that no 
Whips of burthen can come through it; it 
ſufficient to make it run through ſome 
. the works, where proper landing places 
e contrived, from whence the goods may 
carried into the place; as at Sarrelouts, 
chere a horn-work is built beyond the 
Prre, in the gorge of which the goods are 
ded. 

If the breadth of the river does not ex- 
ed 200 yards, it commonly paſſes through 
e middle of the town, and proper quays 
made on each ſide; in ſuch a caſe, the 
iication is ſo contrived as that the river 
es through the curtain, in order to have 
dation on each fide to defend the coming 
and going out. 
When M. Vauban fortified near rivers, 
made always the exterior ſide near the 
ter much longer than any of the others; 
is Hunningen on the Rhine and Sarre- 
M | louis 
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louis on the Sarre; but for what reaſon he 7 
fortified theſe places in that manner, ha Wen 
not been told by any author I know of; fung. 
thoſe who beſtow moſt praiſes on him à Mett 
quite filent in this reſpect, although the e 
works ſhew better, in my opinion, his gteñ ere 
{kill in fortification, than many others flkcre 
which he is generally eſteemed ; it is tri, 72 
authors treat in general ſo ſuperficially ate 
irregular fortification, as would incline oe r 


to believe, that they either knew not tr 


importance of the ſubject, or elſe imagiuii e 
it was impoſſible to reduce it under gene Te 
rules or maxims, whereby its perfection ue 1 
imperfections might be diſcovered. ace 
But it is plain, from what has been 4 ilge 
monſtrated before, that the ſides which td: 
minate at the river, are the weakeſt ; H the 
cauſe the beſiegers trenches being ſecu ers 
by the river, they may draw moſt of Hewi 
troops off, and act therefore with mot din 
gour and ſtrength on the other ſide: Me pe 
ſides, as the ſtrength of a fide — Iles, 
proportion, as the angle of the polygon uin; 
greater, by making the ſide next the ] the 
longer, the angles at its extremities becoMoſe c 
wider, and Hun the adjacent f Abc 
fre 


ſtronger. 
of : Th 
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There are other advantages, beſides theſe 


hentioned already, which ariſe from the 4 
pnethening that ſide; for if the river is 1 
: * deep, ſo as not to be fordable, that 1 
e is not liable to be attacked; and by 
de its length, the capacity of the place 
creaſes much more in proportion to the 
pence, than if more ſides were made; the 
ater of the place will be likewiſe nearer 
e river, which makes it more convenient 
tranſporting the goods from the water- 
ge to any part of the town. 
To illuſtrate this method of M. Vauban's, 
e ſhall give the plan of Hunningen; this 
ace was built for the fake of having a fl, xxy, 
age over the Rhine, for which reaſon he 
ade it only. a pentagon ; the fide AB next 
| the river 18 200 toiſes, and each of the 
hers but 180; the body of the place, as 
ewiſe all the outworks, are conſtructed ac- 
ding to his firſt method, by obſerving that 
e perpendicular to the fide A B is only 2 5 
les, according to the table given at the be- 
ning of his firſt method, and the capital 
the ravelin before that front 28; whereas 
cole of the others are 50. 
About the ſpace 46, which lies before 
front AB, ls a ſtone-wall, and the paſ- 
M 2 ſages 


* "_ 


* 


The! 
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There are likewiſe horn-works before t 
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ſages x, x, are ſhut up with ſluices, to retan 
the water in the ditches in dry ſeaſons, an 
to prevent an enemy from deſtroying the 


would run out and leave the ditches 
the redout y was built in the little iſani 
hard by, in order to cover that ſluice; with 
out this precaution the place might be 
ſulted from the river ſide, where the wie 
is ſhallow in dry ſeaſons. 

The hornwork K beyond the Rhine . 
built to cover the bridge, but as this wa 
cannot be well defended croſs the river, th 
hornwork H was made to ſupport the othe 


baſtions E, F, and a little work before t 
baſtion G, called Pate, which we hn 
omitted for want of room. 
There ſeems to be nothing in this f 
tification but what is well contrived, al 
here certainly the author has ſhewn his {kil 
the only things which appear to me ſupt 


fluous, are the horn-works placed before Me ot 
baſtions E, F, and the pate before the H inc 
ſtion G; for I think there are too mn if 


works conſidering the ſmallneſs of the plac 
and as the horn-works were chiefly made 
ſecure a ſafe retreat, over the wet ditch 0 


Jo 
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vond the glacis, as I ſuppoſe, in caſe of a 
ally; a couple of detached redouts might as as 
yell have anſwered the purpoſe. 

Some of my readers will undoudtedly be 
rpriſed to read my encomium on this for- 


q | ill contrived piece of work; but if they 
nil! be pleaſed to conſider that he was miſled 
a falſe or incorrect plan, for that very 


ork abc, which retains the water in the 


this plan ſhews. 

Before we finiſh the deſcription of this 

an, we ſhall ſhew how to find the long 

je AB, as being uſeful in the following 

rk. 

After having inſcribed the two ſides G E, 
F, in a circle, draw the diameter CD, 

as to be equally diſtant from the line 


e of the center, from theſe points draw 
yo indefinite perpendiculars to the diameter; 
n if from the points E, F, as centers, two 
$ are deſcribed with a radius of 1 80 toiſes, 


ir interſections A and B, with the ſaid 
ch M yendiculars, will determine the long fide 


M 3 AB, 


cation, whilſt M. Coehorn looks upon it as 


ing he ſaid was wanting, meaning the 


Wiches, was actually executed by M. Vauban, 


ing the points E, F, that is parallel to it; 
this diameter ſet off 100 toiſes on each 
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AB, as likewiſe the other two F B and EA 
In like manner may be found the long 
ſhort ſide of any polygon whatſoever. 

When a place near a river is to be fy 
tified, for the ſafety of commerce, partic 
lar care ſhould be taken in leaving a pol 
ſpace between the houſes and the water fd 
to have a landing place for goods brought | 
water; it ſhould alſo be contrived to ha 
proper places for ſhips and boats to lie ſeci 
in ſtormy weather, and in time of a ſix 
and as water carriage is very advantaye 
for tranſporting goods from one place to ul 
ther, as likewiſe for bringing the necef 
materials, not only for building the for 
cation, but alſo the place itſelf, the exjc 
will be leſſened conſiderably, when this 
venience Can be had; for which reaſon, pl 
ſhould never be built any where elſe 
near rivers, lakes, or near the ſea ; ext 
ing in 1 caſes, where it canhd 
avoided. 

For the better underſtanäing this im 
tant part of fortification, we ſhall give 
examples of various kinds, from Whid 
reader may gather the manner of fortif 
others of the fame thre, 0 
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EXAMPLE I. 


We ſhall ſuppoſe a river of 100 toiſes Pl. xxvl. 

or more broad, and ſuch as is always na- 
| vigable, at leaſt for ſmall veſſels or boats, 
| and the ſituation to be ſuch as to admit of 
a regular fortification ; the body of the place 
is a regular octagon, and the flat fide next 
to the river, cuts off a fourth part from 
the circle, and is lengthened ſo as to be 360 
toiſes ; the perpendiculars are 2 5 toiſes only 
on this fide, and all the others 30; the faces 
go, and the flanks are found according to our 
method; the great ditch is 16 toiſes, and 
the ravelins are conſtructed as uſual; the 
lunettes L near the river, have one of their 
faces perpendicular to the middle of thoſe of 
the adjacent ravelins, and the others are pa- 
rallel to the flat fide ; their ditch is 12 toiſes. 
Within the flat baſtion is a baſon B, to re- 
ceive ſhips .4o toiſes broad, and its length >. 
is terminated by perpendicular lines drawn 
from the extremities of the adjacent curtains, 
and a paſſage is made in each flank of 10 
toiſes, for the ſhips going in and out; theſe 
_ paſſages are ſhut up with ſluices, with a kind 
of a paſſage over them, in 1 5 to have a 

M 4 free 
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free communication with the flat baſtion, 
and from thence over the bridge into the 
fort G, on the other ſide of the river. 

This fort is conſtructed in the following 
manner; from the ſaliant angle of the flat 
baſtion as center, deſcribe an arc with a 
radius of 200 toiſes; on which ſet off two 
chords of 120 toiſes each, for the exterior 
ſides, the perpendiculars to which are 20 
and the faces 3 5; the branches of this fort 
are perpendicular to the oppoſite faces of the 
baſtions ; the ditch before this work 1s 12, 
that of the ravelin 8; and the ravelin a 
well as the flanks are conſtructed according 
to our method. The ſemi-gorges of the 
lunettes k are 20 toiſes each; and the 
faces are, the one perpendicFular and the 
other parallel to the branches of the fort; 
they ſerve to cover the entrance into the 
baſon B, which might otherwiſe be ſeen 
from thence, the ditch before thele lunettes 
1s 8 toiſles, 

The gorge of the redout H, is 40 toiſes 
the flanks 10; the faces 30, and the ditch 
before it 6; this work ſerves for ſecuring 
the retreat when the fort G is taken; and 
whilit the enemy is endeavouring to get ma- 
ſters of it, the troops may retire in the dark 
over the bridge into the town, 


The 
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The market place A is about 70 toiſes one 4 
way, and 50 the other; all the ſtreets 6, which 1 
is rather too much for the by ones ; our Aj 
deſign 1s not ſo much to give the particular di- 
menſions of them, as to ſhew that they ſhould 

| be perpendicular to the river, and croſs each 
| other at right angles; reſerving the reſt for 
the practical part of fortification. 
The buildings C, C, are deſigned for na- 
| val ſtore-houſes; E a ſtore-houſe for land 
| ſervice, D for barracks, and F are the bridges 
near the gates of the town. 
We have given the conſtruction of the 
| body of the place and ravelins only, with- 
out determining the reſt of the outworks, 
whoſe number and capacities depend on the 
importance of the place. It ought to be 
remembered, that it muſt be better fortified 
near the river than any where elſe, it being the 
weakeſt part, as has been proved before. 
If the ſituation does not admit of a re- 
| cular fortification, then it muſt be con- 
ſtructed in ſuch a manner, as to approach 
as near to it as can well be done, without j 
being at an exceſſive expence ; and if there | 


ſhould be a hill, or riſing ground within | 
cannon-ſhot, which can ſee into ſome of | 
the works, it muſt either be fortified, or 1 . 


cavaliers 
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| ſuch an advantage is by no means to be 


tiver, if it is thought proper; in ſuch 
caſe, part of thoſe curtains may be left open 
in order to have a quay, and round the 
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cavaliets are to be made in the oppoſite 
baſtions. 
It my ſottietiiries haripen, that the river 
forms a natural baſon for ſhipping, or they 
may be made ſerviceable by a little Work; 


neglected, a ſkilful engineer will know how 
to uſe all the advantages, which the nature 
of the ground affords; ſo as to be' ſaving 
in the experices, and to make the Place 


the moſt convenient manner. 
The landing places may be made in thi 
great ditch, near the curtains next to thi 


kind of harbours, ſore works ſhould | 
conſtructed to ſecure the ſhips in time « 


E x A P IL E II 


p. xxvll. It may ſometimes be judged more cot 


venient to build the place on both ſides 
river, than on one only; in ſuch a cal 
the river ſhould always paſs through the cu 
tains in order to have a flank on each fic 
to defend its entrance and coming out; 
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OF FORTIFICATION. 
the river is not very large, the curtains may 
be built acroſs the river upon arches, which 
may be made to ſhut in the night, or in 
time of a ſiege, with portcullices ; and the 
middle arch may be made wider than the 
reſt, and left open at top, with a draw bridge 
over it, for ſhips to fail through. But if 
the river is above a 100 toiſes large, the 
building curtains acroſs would be too expen- 
five; in ſueh a caſe a fort, ſuch as B, may be 
made in the middle of it; from whence 


chains and booms may be laid to the ſhore 


in the night, and in time of danger. 
The conſtruction of the body of the place 
may be as follows. 

Suppoſing the fituation to be ſuch as to 
admit of a regular conſtruction ; each fide is 
a part of a regular octagon, inſcribed in 4 
circle, whoſe centers O are within 10 toiſes 
from the river; the body of the place is 


conſtrued according to our method, and 
the ditch is 16 toiſes; as to the reſt of 
the works, their number and bigneſs may | 


be made in what manner it is thought pro- 


per, and according to the importance « of the 


place. 


The ſtreets are to be perpendicchir is to 
the river, and to croſs each other at right 


angles; 
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angles; and for a greater conveniency of tranſ- 
porting goods from the ſhips to the market, 
a market place may be made on each ſide 
near the river. We have added lunettes, 


ſuch as A, to defend the entrance and going 


out of the river, one of the faces of which 


is perpendicular to the oppoſite faces of the 


baſtions within 2 5 toiſes of the ſhoulders; 


this face is about 60 toiſes long, and the 


others are ſo drawn as to be perde to 
each other. 

As the enemy will hardly attack the hen 
near the river, becauſe an attack made-on 
one ſide only, is liable to be enfiladed from 
the other by the gariſon; and when it is 
made on both ſides, the troops are divided, 
and not in a condition to ſupport each other ; 

it is not therefore neceſſary to make the for- 


tification ſtronger there ; on the contrary, as 


it will probably be attacked on the fide quite 


| oppoſite to the river, ſome more works ſhould 


be made in this place. 
Notwithſtanding the booms and chains, 


which are to be laid acroſs the river, in the 


night and in time of danger, the enemy 


may find an opportunity to force his way 


through, whereby the place might eaſily 
be taken, To prevent which a wall of 8 
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or 10 feet high ſhould be built along 
the river, with iron gates oppoſite to the 
ſtreets, ſo as to be locked up at night, 


EXAMPLE III. 


Places built near the ſea are of the greateſt 
importance to a nation on account of trade ; 
ſo they require likewiſe the greateſt care in 

the chuſing their ſituations, in ſuch a manner 

as to be of the leaſt expence in building, 

and the moſt convenient for ſhipping. We 

ſhall ſhew how ſuch a place may be for- 

tifled, when the fituation is plain and even, 

and where there is no harbour formed by 
| nature, 

This plan is a part of a regular decagon, Plate 
four fides of which are cut off for the flat XXVII. 
fide next to the ſea, the perpendiculars to 
which are but 15 toiſes; all the reſt of 
the works are conſtructed as uſual ; as the 
place is weakeſt near the ſhore, we have 

added lunettes with bonnets, to make it near- 

ly equal in ſtrength there, with the reſt of 
the ſides; we have added no outworks be- 
ſides ravelins, becauſe their number and ca- 
pacities depend on the im aportance of the 
place, 


The 
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long as the ſhallow water goes; B, B, are two 


gure, are better for defence on every fide. 
If theſe forts ſhould not be thought fut- 


THE ELEMENTS 

The baſons or : harbours A, A, are 30 
toiſes broad and 8o long, and the entrance 
into them 10; this we imagine might be 
ſufficient for ſhips going in and out: how- 
ever, it may be made more or leſs accord- 
ing as it will be thought convenient : our 
defign being rather to ſhew the figure, and 
in what manner it may be done in ſome 
caſes, than to pretend to. give the exact di- 
menſions, which ought to be determined 
by experience, or according to the nature 
of the ſituation. | 
The channel or road C leading into the ba- 
ſons A, A, is 18 toiſes broad, and muſt be as 


ſemi-circular forts to defend the entrance into 


the harbour, which being made of that f- 


ficient, one or two more may be made, 
between theſe and the place, or on ſome 
flats or lands where the ſhips cannot come 
oO NEAT. 

. The buildings D, D, are naval ſtore-houſes, 


E a ſtore-houſe for land ſervice, and F the 
barracks. 


The ſtreets and other buildings are to 
be made nearly 1 in the manner expreſſed here 
in 
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in the plan; but the market-place might be 
made quite open to the ſea, if it is ought 
proper. 

We ſuppoſed here in this plan, that there 
is no harbour formed by nature, for which 
reaſon an artificial one is made ; but if there 
be any bay, creek, or large baſon formed 
by the ſea, or a river, it ought to be uſed 
and inlarged, if neceſſary, and ſometimes moles 
are made to form a harbour, as at Gibraltar 


by which a great deal of labour and expences 
are ſaved. 


If a place is to be fortified in an iſland 
| formed by the ſea, and there is a navigable 
river; then the propereſt ſituation will be 
at its entrance, if the river is but ſmall ; or 
a little way up in the land, if it is pretty 


bardment from the fea ; but it muſt be ob- 

eberved, that here and in all places of this 
d, the conveniency for making a good 
| harbour muſt chiefly be conſulted, whoſe 
entrance ſhould always be defended by two 


or more forts or batteries, Papen on both 
| hides of it. 


cular notice, that if an enemy may land any 
where thereabouts, the forts muſt be built 
ſo 


large, ſo as not to be in danger of a bom- 


It will alſo be proper to take parti- 


175 
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order to be in a condition to reſiſt which 


forts or batteries may be ſurpriſed, the har. 


in ſuch places as command the entrance 0 


but one or two ſuch places where an en: 
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fo as to be every where equally ſtrong, in 


way ſoever they may make their attack ; the 
want of this conſideration has often proved 
of dangerous canſequence, becauſe if theſe 


bour will lie open to the enemy, who there. 
fore may enter without any further danger 
deſtroy the ſhips, and take the town. lt 
is by no means ſufficient to raiſe batteries 


a harbour, without conſidering likewiſe whe- 
ther their conſtruction is ſuch, as to anſwer 
the purpoſe for which they are built, the 
will otherwiſe be of very little uſe in the 
defence of the place: if there ſhould be 


my may land, they ought to be fortified wi 
ſome ſmall works ; but if there are ſeveral 
it is much better to build two good forts 
one on each fide of the harbour near ſome 
ſhallow water, ſo that the ſhips may no 
approach too near, to prevent their being 
demoliſhed by them. | 
If a ſmall iſland formed by a river is tt 
be fortified, care muſt be taken to occup 
the whole iſland, if poſſible, in order that 
the works of the fortification may defend 
| I na — 
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eyery part of the firm land whereby the ene- 
my will not be able to land any where 
without great danger and difficulty; but if 
the iſland ſhould be fo. large that the whole 
cannot be conveniently fortified, and ſome 
parts are acceſſible and others not, the place 
ſhould then be built in the moſt acceſſible 
part, and the others, if not too many, may be 
fortified with ſmall forts or batteries, 

If there is any lake of ſome length, or 
which diſcharges its waters into a navigable 
river, a place built near it will be very 
convenient for trade ; although a lake has no 
communication with the ſea, or is not na- 
vigable, at leaſt for large ſhips, yet it may 
be very uſeful for trading with the country 
round about; the bigneſs and ſtrength of ſuch 
a place muſt be according to its importance. 

We have thus explained, in a few words, 
the manner of fortifying places ſituated near 
navigable rivers, lakes, or the ſea, which is 
far from -being ſufficient to give a compleat 
notion of the ſubject; it would require a 
whole volume to enumerate all the different 
circumſtances that may poſſibly happen, either 
in reſpe& to the various ſituations formed 
by nature, the conveniences required to fave 
expences, or their importance with regard 


N to 
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importance they are of either to protect o 
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to traffick; for all theſe conſiderations are 00 
to be maturely conſidered and well weighed 
at leiſure, before an undertaking of this im. i 5 
portance is put in execution. * 

It would be a help to the reader, if x 
great many plans of places already executed 
were collected; for by examining them with 
all the attention and care that is poſſible, 
and not omitting the leaſt circumſtance, 
ariſing from their different ſituations or nn. 
ture of the ground; as likewiſe from the 


increaſe trade; and then taking notice for 
what reaſons works are made in ſuch ; 
manner in one caſe, and different in an- 
other, a right notion might be formed « 
the ſubject, ſo as to be able to proceed 
in any other caſe of the like nature. But 
as this would ſwell the work too much 
and draw it into a greater length, than 
agreeable to our purpoſe, we ſhall finiſh thi 
part, with explaining the ſituations of a fe 
places already built, to ſupply, in ſome mer 


ſure, what is wanting to compleat the ſubjed. Ao 
At Dunkirk is a bank of fand befor 
the entrance into the harbour nearly pr lead 
rallel to the ſhore, which is an admirable de ,, 
fence againſt any bombardment ; for whe the 


ſhips 
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| ſhips lie without it, they are too far from the 
| place to do it any damage; and if they 
| ſhould venture to go between this bank and 
| the ſhore, there is a fort built ſo nigh, which 
| would deſtroy them, as having not ſufficient 
| room ſor working a ſhip, ſo as to turn 

about; the channel leading into the harbour 
| is pretty long, and defended by two forts 
on one fide, and three on the other, which 
| makes it impracticable for an enemy to paſs 
through it. Another great convenience this 
| port has, is, that there are three rivers, com- 
ing from the inland country, which run 
into the harbour ; at their entrances are 
ſluices, which are ſhut up at high water and 
| opened at low, which carry out the mud 
and fand brought in by the ſea, and thereby 
prevent the harbour from being choaked 
ud. 
4 Whenever a ſituation is to be found, that 
has theſe advantages, it ſhquld not be ne- 
pleted, fince it faves great expences in keep- 
ing the harbour always clear, and renders 
an attack by ſea impraCticable. 

Ogend lies cloſe to the ſea, and the road 
leading into the harbour, which lies oppoſite 
to the ſea, paſſes by one fide of it; but ag 
the entrance is very difficult, and no wind 
ee ns but 


1 


fide only, which is along the ſhore, be- 


gas to make it a difficult matter to take it 
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but a north-weſt one will permit any 17 5 
to enter, and the town being liable to a 
bombardment, ſuch a ſituation as this is not to 
be uſed, excepting other reaſons occur for for- 
tifying it ; this place has one advantage, that 
it cannot be attacked by land but on one 


cauſe all the other ſides may be ſurrounded | 
with water in the time of a ſiege, and there- 
fore the acceſſible fide may be made fo ſtrong, 


that way. 

Antwerp lies near the Scheld, and ha Ml © 
no other harbour than the river itſelf, which 
is large and navigable for ſhips of great 2 


burthen. A citadel is built above the town, 
to defend it againſt an enemy coming by 
land, and below are ſeveral forts on both 
ſides the river, to prevent an enemy from 
approaching it by water; this place is ſo 
happily ſituated, that it was formerly the 
principal trading place of all Handers and 
adjacent countries; but.afterwards, when the | 
Dutch had ſhaked off the yoke of the Sa- 
niards, and the beſt part of Flanders was 
ſubjected to the houſe of Auſtria ; the Dutch 
prohibited all the trade of this place, and 
transferred it to their own dominions, 


By 


OF FORTIFICAT ION. 
By what has been ſaid with reſpect to 
this place, the reader may eaſily perceive 


the great advantages it has; and that few 
| ſituations deſerve ſo much notice to be taken 


of them as this. 

Boulogne 1s ſituated near a creek going 
pretty far up the land, at the entrance of 
which is a bar difficult to paſs without a 
good guide ; and on one fide is a high hill 
which commands it entirely, ſo that the 
place is ſecure againſt any attack by ſea ; for 
which reaſon, ſuch a ſituation is not to be 
neglected, 

Dieppe is another place ſituated near the 
ſea; the channel or entrance into the har- 
bour is guarded by two peers or moles, which 


harbour is nearly perpendicular to the ſea, 


with a turning near the channel. 
The channel and harbour of this place 


ſeem to be very convenient, and as they are 


chiefly formed by nature, the expence of 
making them muſt be inconſiderable ; but 


the place itſelf is ſituated ſo near the ſea 


as to make it liable to a bombardment, ſuch a 
ſituation ſhould therefore be avoided, excepting 
forts can be made ſo as to prevent the ap- 
proach of an enemy's fleet. 

The laſt ſea-port we ſhall mention, is 


the famous one of Toulon, fituated in the 
| N 3 Medi- 


181 
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Pl. XXIX. 


harbour only in the 29th plate, though t 


fort of works: for nothing can be more in 
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Mediteranean; the entrance into the bay or 
road 1s large and ſpacious, covered by a neck 
of land, and defended by three caſtles, two 
forts, and fix batteries; the road is ſo large 
that a whole fleet may ride in it ; adjoining 
to the town are incloſed two large harbours 
by peers or moles, the one for the king's 
ſhips, and the other for merchant men ; the 
firſt is much larger than the ſecond, and; ts 
entrance is made in the form of an V open 
at bottom, by which the ſhips are carried in 
gradually, without danger of running againſt 
the peers. 

To give an idea of this harbour, which 
is certainly one of the fineſt in Europe, we 
have repreſented the plan of the town and 


would have been much better for the reader 
information, to have added the road an 
entrance likewiſe ; but this could not be 
brought into ſo ſmall a compaſs as to be 
inſerted .in this book, without rendring the 
parts indiſtinct. From this the reader ma 
form a judgment, how to proceed, i 
he ſhould find himſelf employed in ſuch 


N. B. This plan has by miſtake being reverſed by the en 


graver ; ſo that the king's harbour wick: a As the right] 
thould be on the left. : . ö 
ſtructive 
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ſtructive than examples of works executed, 


the precepts only without them, will never 
make ſo ſtrong an impreſſion upon the mind, 
as is required in the execution of any pro- 
ject, which muſt be perfectly well underſtood 
beforehand. 


Before we finiſh this ſubject, we think it 


will not be improper to give the principal 
conditions required in a ſea- port town, and 
which ought to be obſerved in the building 
ſuch places. | 

Firſt, the harbour is of the greateſt im- 
portance in all places of trade by ſea; it 
ought therefore to be well conſidered, whether 
chere is one to be found, which is formed 
by nature, ſuch as a bay, creek, or a baſon, 
or if by the help of a little labour one may 
be made; for to make one entirely by art, 
becomes generally too expenſive, and they 
can never be made ſo large, as to contain a 


conſiderable number of ſhips; whether the 


road before the harbour has a ſufficient 
depth of water for ſhips of great burthen 
to ride in it ſafely; whether there is good 
anchoring, and the ſhips may be ſafe in ſtormy 
weather, and eſpecially the ſhips may enter by 
W ſuch winds as are moſt dangerous upon that 
W coaſt; if the entrance can be defended againſt 

8 N 4. a ſtrong 
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a ſtrong fleet, by means of forts, caſtles, or ¶ poſſi 
batteries built on each fide of it; and laſtly, I be 
whether the ſhips riding in the road and abou 
harbour, are ſafe againſt a bombardment. | fit fc 

Secondly, whether the chief or principal MW whe 


materials for buflding the fortification and fale 


the town, are to be had near the place, or may 
thereabouts ; ſuch as ſtone, timber, lime, IM abrc 
Sc. or if not, whether they can be brought WW 2 
by water, otherwiſe the conſtruction of ſuch IM get! 
a place would be attended with an immenſe pla: 


expence; whether the country round about WM in 


is plentiful in thoſe things which are ne- 
ceſlary for the ſuſtenance of men and cattle; 
for ſhould it be barren, the bringing theſe 
neceſſaries from diſtant countries, might be 
attended with great difficulties, eſpecially in 
time of war, when an enemy might inter- 
cept them, and thereby reduce the place by 
famine ; "phe the air is good and the | 
ſituation wholeſome in all reſpects, and good 
water to be found near or thereabouts ; for 
if it ſhould be unwholeſome, people ul 
not care to ſettle there, and thoſe that would 
venture, would neither increaſe or a& with 
that ſpirit and chearfulneſs required for the 
improvement of new ſettlements ; and as to 
port water it is ſo neceſſary, that it is im- 
| poſhble f 
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| poſſible to do without it ; laſtly, it ſhould 
| be confidered, whether the country round 
about it produces ſuch commodities as are 
| fit for trade ; how it may be improved, and 
| where it may be tranſported to, either for 
| fale or exchange, for ſome others which 
| may turn to account either at home or 
abroad. 


All theſe ings being well add to- 


gether with the nature of the ground, the 
1 plan of the place muſt be made accordingly; 
in which the conſtruction of the works 


ought neither to be exceſſive in the ex- 


pence for building of them, nor yet ſo ſmall 
as not ſufficiently to defend the place, but 


ſuch as the importance of the place requires, 


and the ſituation admits of. As there are 
few ſituations which have all the advanta- 
ges which could be deſired, care muſt be 
uken to pitch upon ſuch as have moſt of 
them, and where the reſt may be ſupplied 
partly by art. 

The moſt favourable fituations for build- 
ing maritime towns, are near the mouth 
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or entrance of a navigable river, eſpecially _ 


when it is free from rocks and ſands, and is 
of eaſy acceſs for ſhipping. In ſuch ſitua- 
tions the harbour may be made on the op- 

poſite 


4 
; 


— 
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poſite ſide of the place, in reſpect to the 


ſea, as at Offend, and ſome other places. 

If the river is large, the place may be built 
at ſome diſtance from the ſea, as Antwerp; 
and there is no occaſion for a particular har. 
bour, the river itſelf being ſufficient ; the only 
thing to be obſerved is, that there may he 
ſome place, where ſhips may be ſafe in ftormy 
weather ; a hill or rifing ground near the ri. 
ver, which ſhelters it from the moſt dange. 
rous winds, will be very advantageous for 
that purpoſe. 5 

Theſe ſituations near large navigable river 
not too far from the ſea, are the moſt ad. 
vantageous that can be found; for they han 
all the advantages of a ſea-port town, and 
are not liable to be attacked by an enemy' 
fleet, and are abſolutely free from bom. 
bardment, excepting by land, fince a fey 
forts built in the turnings of a river wil 
be ſufficient to prevent any attempt thit 
way; beſides the merchandiſe brought h 
water, may be carried into the country to 
foreign markets with little trouble and nc 
great expence. 


As the greateſt wealth of a country d. 
pends on traffick by ſea, ſo there is n- 
thing of fo great conſequence, as the wel 
1 pl 
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protecting it, by building proper harbours 
s contain ſhips in ſafety, and to make 
them fo that they may be defended againſt 
the force or ſtratagem of an enemy: proper 
Finding places ſhould not be omitted, nor good 
" Wnmagazines and convenient ftoro-houſes to 
/ Wlodge the goods in, and in general, every 
ding ſhould be thought of that any ways 


proper diſpoſing of them. But as nature 
hs ſo various in its operations that it is im- 
jpoſible to foreſee all the different circum- 
ſtances which may happen, ſo it is like- 
Pie impoſſible to deſcribe them, and con- 

quently the choice of a proper ſituation, 
"Wand the manner of conſtructing ſuch a place, 
ccording to its importance, muſt be refer- 
aa to the fagacity of the engineer employed 
the undertaking, who certainly can have 
fon o larger field to diſplay his knowledge, 


vil. on fuch occaſions, 

that | 

bu Of CITADELS 
y vs 


In a country newly conquered, or one of 
long ſtanding, where the inhabitants are 
de pected of being diſaffected to the govern- 

Pent, citadels are built to keep them in awe, 


ay contribute to eaſy conveyances, and the 
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ſecure the gariſon from their treachery, which 


THE ELEMENTS 
and prevent all attempts they may make t0 
ſhake off their dependency ; as likewiſe to 


the Cit 
bour, 

to the 
ying 1 
bomba 


they might be willing to undertake againſt 
them. 
It happens likewiſe ſometimes, his when 


a town is large and wealthy, and has litt An 
or no fortification, a citadel is built to ſe. pacing 
cure it againſt an enemy, when it would b ned 
too expenſive to fortify the town itſelf; an — 
to ſerve for a place of ſecurity, to carry i orks 
the beſt effects of the inhabitants in tine * a 
of danger, when the approach of an «i ock * 
-my 1s apprehended. viſe te 

There are many ſuch places in 14 n 
which are large and wealthy, the ſovereh Ap 


of which not being in a condition to fo 
tify them, build citadels or caſtles, to fn 
expences; as likewiſe to ſave large garifonst 
guard and defend them. 

In regard to the ſituation of a citadel, if ti 
town lies in an open country, it ought to“ 
built on the higheſt part of the ground, in ori 
to command all the parts of the town, if 0 
ſible; if the town lies near a navigable rit 
or Abe it ſhould be placed near the «© 
trance, to prevent the approach of an enen e 


ES ; Moe, a 
with ſhips; and if the pee is a fea . Je bol 


eil. 
alk; 
Toops 

hem t 
en ap 
e toy 
The 
ſquai 
ntaga 
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we citadel ſhould be placed near the har- 


bour, ſo as to command it from one end 
to the other; that it may protect the ſhips 
ying in it, and ſecure the place againſt = 
bombardment. 

Another conſideration ſhould be had in 
placing citadels, with reſpect to the town; 
Which is, that the principal ſtreets of the 


orks of the citadel, in order to fire on them, 
Wnd diſperſe the mob that might riſe and 
Jock together in time of a ſedition ; as like- 
wiſe to prevent the approach of an enemy 
Hat way after the town is taken. 

An open ſpace, of ſome hundred yards 
road, ſhould be left between the works of 
2 citadel and the town, called an Eſpla- 
Wade; which ſerves chiefly to draw up the 


oops or gariſon, to muſter and exerciſe 


en approach that might be carried on from 
e town againſt the citadel. 


ſquare, pentagon, or exagon ; but the 
Pentagon is moſt proper, and generally uſed ; 
Wc cxagon being rather too big for that pur- 
oe, as requiring too great an expence in 
e building, in proportion to its uſe, or the 


ad- 


place ſhould be ſeen and lie open to the 


them there; as likewiſe to prevent any hid- 


The figure of a citadel may be either 


189 


THE ELEMENTS 
advantage ariſing from it, and the ſquare i; 
thought too inconſiderate for making a ſuf. WM ner 
ficient defence. mo 
When a citadel is to be built, either to ir 
an old place already fortified, or to a new del 
one; its plan is to be traced by itſelf on 
a piece of paper, and upon the fame ſcale 
as that of the town; then the paper is cut 
off on that ſide which is to be next to the 
town, quite cloſe to the edge of the works 
and is laid on that of the town in ſuch 
manner, that the ditches and works of the 
fortification are well flanked and enfiladed 
by the works of the citadel ; and when it 
is placed according to its proper fituation, 
it is pricked off, and drawn upon the fame 
Paper as that of the place. 

It happens er that there is a hill 
or riſing ground, within the fortification of 
the place, on which the citadel is built; fuch 
ſituations may ſerve to keep the inhabitants 
in awe, if it is provided with neceſſaries, that 
the gariſon may defend themſelves, till fuch 
time that a relief may be ſent ; but they ate 
of no manner of uſe againſt an enemy, who 
after being in poſſeſſion of the town may 
eaſily reduce the gariſon in the Citadel by 
tamine. | | 


The 
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The exterior ſides of the citadet are ge- 
a. nerally about 150 toiſes; but they may be 
more or leſs, as occaſion requires. Particu- 
of ar care muſt be taken, to fortify the cita- 
ew del ſtronger. than the town, otherwiſe the 
enemy might attack it firſt, and by the help 


obſerved, to make the parts where the cita- 
del joins the town ſufficiently ſtrong, other- 
wiſe the town and citadel might be attacked 
together. Moſt citadels that I have ſeen are 
defective in that reſpect, as we ſhall ſhew 
hereafter, 

There are generally two gates made to a 
citadel, the one for a communication with 


the firſt ſerves for the gariſon to retire into, 


of which reduce the town; it muſt alſo be 


the town, and the other with the country; 
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hill, in caſe of a ſedition, or after the town has 
\ of cgapitulated, and the other to receive ſuccour, 
uch! when the town is taken, or blocked up by 
un the inhabitants. 
tut The citadel takes up generally two ſides 
uch of the fortification, and ought to be placed 
j are in ſuch a manner, that the ditch of the 
who MW place may either be defended by the faces 
may of the baſtions, or by thoſe of the ravelins, 
1 by in as direct a manner as poſhble ; otherwiſe 


the enemy may attack the town in that place, 
The | ” 


to be uninterrupted, ſo that the part next to 


pl. XXX. 


Nor is there any other work that can; ſo that 
if the town was attacked in that place, the 


nion, are rightly joined to towns ; the de 
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as being the weakeſt ; - as. likewiſe. becauſe 
the ſame attacks may ſerve to reduce both 
together. The covert-way of the citadel ought 


the town may have a free DOI 
with the other. 

In general, a citadel ſhould be conſiraded 
in ſuch a manner, that an enemy may hay 
no advantage where-ever they make thei 
attacks; and that, if the citadel is attacked 
firſt, it may coſt them as much time 
and. trouble, as the attacking the town 
and the citadel afterwards. 

There are few citadels, that, in my op. 


fence of the ditch is generally ſo oblique 
and inſignificant, that it appears ſtrange they 
are not attacked there; that of Lille is ont 
of this kind. For the ravelin A cannot de 
fend the oppoſite ditch in the leaſt manner 


befiegers would meet with very little obſtack 
in the paſſage over this ditch ; neither does 
the baſtion B, defend the © oppoſite diteh, 
which can be done only by the oppoſite cc 
vert-way, from which the troops may ealilf 
be driven by the-ricochet batteries. 

The 
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The citadel of Tournay is another inſtance Pl. XXXI. 


of this kind; for neither the ravelin A, nor 
the baſtion B, can afford any tollerable de- 
fence to the oppoſite ditches; and as they 
are both dry, they are liable to ſerve an 
enemy for making their trenches in them 
under cover. This General Shullenbourg was 
o ſenfible of, as not to let flip the opportu- 
nity, when he attacked that place in the late 
war ; for he carried his approaches through 
that before the baſtion B, and erected a mor- 
tar battery there; whereby the prodigious 
works above and under ground of this cita- 
del, which is eſteemed to be one of the 
ſrongeſt in Europe, were of no manner 
of uſe. | 
It is a matter of ſurpriſe, that an engineer 
ſhould take ſo much pains in fortifying a place, 
as Mr. Maigrigny did, and put a nation to ſo 
great expence, without conſidering rightly, 


whether it may make a defence accordingly, 


or having a due regard, in making every part 
equally ſtrong, ſo as not to loſe the advan- 
uze propoſed by it, by neglecting ſome, 
whereby the whole expence is entirely loſt, to 
the great diſadvantage of a nation. 


Laſtly, the citadel of Arras is ſtill in a P. XXXII, 


worſe place than either of the foregoing ones; 
1 5 O for 
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for I do not ſee what ſhould prevent an enem 
from attacking the town near the citadel i 
the place A, ſince the troops being once drive 
out of that part of the covert-way, which 
oppoſite to the ditch, by the ricochet batterie 
which may ſoon be done, they might then: 
eaſily paſs the ditch, as if there was no ci 
tadel; by which all the great works abc 
the reſt of the town would not be of 
leaſt uſe. 
Before we finiſh this ſubject, it will perf 
| haps not be improper to ſay ſomething farth 
of citadels in general: When they are bu 
with an intention to keep the inhabitant 
who are diſaffected to the government i 
awe, methinks, they need not be fortifie 
fo ſtrongly as is cuſtomary ; for if the gariſc 
can only hold out till ſuch time that ſucco 
may be ſent, it would be ſufficient: f 
which reaſon, if the town 1s fortified, by cutti 
off two baſtions only, with ſome good retrend 
ment; it would anſwer the ends propoſed 
well, as the adding another fortification of 
great expence, as is moſt commonly pra 
tifed : and as theſe ſupernumerary fortif 
tions add but very little ſtrength to the pla 
in proportion to the expence, it appears 
me, that if a part of that expence were er 
| ploye 
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loyed in adding more works to the town it- 
&1f, it would be of more advantage. 

| The little defence made in the late war, by 
| e citadels of Lille and Tournay, ſhould, one 
vould think, cure a prince of making theſe 
&cts of works ſo expenſive ; but there ſeems 
1 be a neceſſity of following the faſhion in 
prtification as well as in dreſs, to avoid ap- 
aring ridiculous, 

lt may be faid, that the want of a good 
briſon, ammunition, and other neceſſaries 
\ Vas the occaſion of the ſhort defences theſe 
Vo citadels made: it may probably be that 
| they were obliged to ſurrender ſomewhat 
Þoner on this account But if a large town is 
Pie to make as long a defence as there is 


pere ſeems to be not the leaſt occaſion for 
ny more works, which can but little encreaſe 
pe ſtrength of the place. 

| Beſides it is manifeſt, by what has been 
d before, that a ſmall place ever ſo well 
brtified, and provided accordingly, can never 
hake the defence, which a larger may do 
pith leſs works in proportion. 


by ammunition and troops to defend it; 
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Of Forts and Redouts. 


Forts are a kind of ſmall fortification; 


XXXUL built in order to guard ſome paſſes, in a mouy 
tainous country, or near Cauſeways, river 


and other ſuch like places. Their figure an 
bigneſs are various, and depend chiefly 


the nature of the ſituation, and importance 


the place: Sometimes they are only mak 


triangular; as in the firſt figure, with hilf 


baſtions ; but this ſort is very imperfect, he 


cauſe the faces are not ſeen or defend 


from any other part. If inſtead of bein 
terminated at the angle, they were dired 


to a point within about 20 toiſes from i 


they would be much better, as being the 
defended by that length of the rampart, thouy 
very obliquely. There ſhould be a ditcho 
8 or 10 toiſes about this fort, although w 


have not markt it in this figure. 


Sometimes, they are made as in the ſecon 
figure, that is triangular as before, but il 
ſtead of making half baſtions at the angle 
whole ones are placed in the middle of ti 
ſides. The gorges of theſe baſtions ma 


be from 20 to 24 toiſes, when the ſides at 
from a 100 to 120, the flanks are perpel 


dicul 


Kicular 


Bong, © 
the fide 
bf the 


Des in | 


nay be 
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ff work 
e out! 
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Uicular to the ſides from 10 to 12 toiſes 1 | 
Bong, and the capitals from 20 to 24 : If 1 
the ſides happen to be more or leſs, the parts .% 
of the baſtions are likewiſe made more or 
eſs in proportion; the ditch round this fort 
my be 10 or 12 toiſes wide. 
The ramparts and parapets of theſe ſorts 
f works are commonly made of turf, and 
e outſide of the parapet fraiſed ; that is, a 
ow of paliſſades are placed in about the 
iddle of the ſlope, in an horizontal man- 
er, the points declining rather a little down- 
yards, that the grenades or fire-works thrown 
pon them, may roll down into'the ditch : 
nd if the ditch is dry, a row of paliſſades 
Ihould likewiſe be placed in the middle of it, 
o prevent the enemy from paſſing over it un- 
erceived, and to ſecure the fort from any 
urpriſe, | 

Forts are moſt commonly made ſquare, as Fig: 3. 
Þ the third figure; at leaſt, when the paſs 
hey are to guard, 1s of any conſequence, or 
e place may eaſily be approached ; the ſides 
f this ſquare are a 100 toiſes, the perpendi- 
ular 10, and the faces 25 ; the ditch about 
is fort. may be from 10 to 12 toiſes ; the 
arapet is to be made of turf, and fraiſed, and 
he ditch paliſſaded when dry. There may 
O 3 be 


198 


THE ELEMENTS 


be made a covert-way about this fort, or elſe fre o 
a row of paliſſades might be placed on the to the 
outſide of the ditch. than 
They are often made of various figure; more 
regular or irregular, ſometimes in the form TI 
of a ſemi- circle, eſpecially when they ar three 
ſituated near a river, ſea, or at the entrance and t 
of a harbour; by which figure, they are abe grour 
to fire at the ſhips on all ſides of it; at othen pendi 
with a long ſide, and ſeveral ſmall ones with. the fa 
out any baſtions; this ſhould however not bel 10, 
done, but when they cannot be approached raveli 


without much time and difficulty: for itz 
not ſuppoſed that any fort can hold out long 
againſt a ſuperior force provided with arti 
lery ; their intent is only to prevent parti 
of an enemy to paſs that way, and to fi 
them for ſome time till they may be ſu 
coured. 

When a fort is to be built in the neck« 
land, formed by the confluence of two f 
vers, or in the windings of a river, in orde 


to prevent an enemy from tranſporting an V 
thing by water, or to prevent the paſſing i ſuch 
their ſhips that way; the figure of the fi land 
mult be adapted to the ſituation, in ſuch WM whic 
manner, that there may be no place for lan each, 
ing troops, but what can be diſcovered by lars 


fit 
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fre of ſome work or other, and the fide next 


to the land, ſhould always be better fortified 


than the other parts near the river; as being 
more liable to be attacked. 


The fourth figure, repreſents ſuch a fort; Fig. 4- 


three ſides of which are a 100 toiſes each, 


and the fourth but 5o, as ſuppoſing the 


ground to be narrow in that place ; the per- 
pendiculars to the greateſt ſides are 14, and 
the faces 30; the perpendicular to the other 
10, and the faces 15: the capitals of the 
ravelins 25 ; the great ditch 12 ; that be- 
fore the ravelin 8, and the covert-way 4. or 

The narrow front towards the land is 
covered by a horn-work, whoſe front is at 
the diſtance of 46 toiſes from that of the 
fort, and go long, the perpendicular 1 2, 
| faces 25, and the branches 10 toifes broad 
at their extremities ; the capital of the rave- 
lin before this work is 2 2 toiſes, the ditch be- 


fore the horn-work 8, and that before the 


ravelin 6 or 7. 


We ſhall add another example of this kind, 


ſuch as is repreſented by the fifth figure ; the Pig. ;. 


land is ſuppoſed to open gradually; for 
which reaſon three ſides are a 100 toiſes 
each, and the fourth 160 ; the perpendicu- 


lars to the ſhorteſt 12, and the faces 30; 
() 4 that 
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that to the greateſt 20, and the faces 45; 
the ditch before the three ſhort ſides is 12, 
and 18 before the greateſt. The capital o 
the ravelin is 46 toiſes, its ditch 10; the 
faces of the lunettes are at right angles to 
thoſe of the ravelin, and fall within 1 6 toiſes 
from the ſaliant angle; theſe faces are 25 
toiſes long, and the others are perpendicul: 
to thoſe of the baſtions; the narrow part of 
the bonnet is 10 toiſes, and the faces are per- 
pendicular ta thoſe of the lunettes, or paral4 
lel to thoſe of the ravelin ; the ditches before 
the lunettes and bonnet are 8 toiſes, and the 
covert-way 4. | 
There are generally great faults committel 
in the conſtructions of forts near the ſea, ot 
navigable rivers, for want of rightly con 
ſidering all the different circumſtances at 
tending theſe ſort of works, and withou 
which it is impoſſible that a work will ever 
anſwer the intents and . purpoſes, for whic 
it was built. For inſtance, if a battery 0 
fort, built near the water where ſhips ma 
approach, has its parapet not of a ſufficien 
height; thoſe behind them may be fire 
upon, from the round top of the maſt, h 
which the gunners are obliged to abandol 
their guns, to fave themſelves by flight 


and 
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and ſo theſe forts or batteries become of little 
or no uſe. 

This was the caſe at Portobello, when at- 
tacked by admiral Vernon; for the forts and 
batteries, which were deſigned to defend the 


harbour, had been made fo low, that the ſhips 


could come quite cloſe to them, and the 
troops in them, were ſoon obliged to take to 
their heels and run away. 

There is generally another fault committed, 
which is, that if theſe forts or batteries are 
left open behind, or are very little fortified 
towards the land; the enemy may land men 


in the dark, and ſurpriſe them, by which the 


guns placed in them, become not only uſeleſs 
to the place, but ſerve rather to deſtroy it. 

At Carthagena, the Spaniards had a faſ- 
cine battery on the other fide of the entrance 
into the harbour, oppoſite to the camp, by 
which they prevented ſhips from going in; 
ſailors were ſent to take it, which was ſoon 
performed, but being ſatisfied with driving 


only the Spaniards from it, they were obliged 


to take it a ſecond time to nail up the guns. 
The fame thing happened laſt year at Cape 
Breton, where the French had a battery of 
I 5 large pieces of canon; which the Engliſb 
ſurpriſed in the dark, and turned the canon 
againſt 
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againſt the place, whereby they became ſoon 
maſters of it. Many examples might be cited 
of this kind, to ſhew, that the want of judg- 
ment in building theſe forts, has proved a de- 
triment, inſtead of an advantage, to the places 
which they ſhould have defended. 

To prevent the inconveniency of being 
ſeen behind the parapet, it will be neceſſary 
to make them ꝙ or 10 feet high; and to 
cover the batteries overhead, which may be 


done, by making an arch over every piece 


left open behind to let out the ſmoak ; but if 
this ſhould be thought too expenſive, they 
might be covered with planks, like ſhads, 
and to prevent the wood being ſet a fire, they 
may be covered with earth or dung about a 


foot and a half thick: for if it is but ſtrong 
enough to reſiſt muſket ſhot, it is ſufficient 


And to prevent a fort or battery being ſur- 


priſed, they ſhould be fortified all round 


with a good rampart and ditch at leaſt, or 


with an addition of outworks, if the place is 


of any importance ; the rampart muſt be 
fraiſed with paliflades, if it is made with turf, 


and the ditch ſhould have a row of paliſſades 


planted in the middle of it, in caſe it is dry; 
which will prevent an enemy approaching un- 
perceived, 5 

It 
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It has been the cuſtom in latter times, for 
ſhips to approach forts and deſtroy them with- 
out any concern, as knowing too well the 
little danger they expoſe themſelves to; and 
this has been Occaſioned by their bad con- 
ſtructions; whereas, if they were made as 
they ſhould be, it would not be impoſſible 
to ſink every ſhip that ſhould dare venture to 
come near them. The reaſon of this is plain, 
if we conſider the uncertainty there is to fire 
from a ſhip, which is in a continual motion, 
and that a battery, covered with a good pa- 
rapet, may watch the opportunity, when the 
ſhip comes near and oppoſite to it, fire all the 
guns at once, pointing nearly at the ſame place 
a little above the water, which will hardly fail 
of deſtroying it. 

On the contrary, if the guns of the ſhip 
hit the battery by chance, they can do it 
but little or no damage, when the pur is 
well made. 

There are ſome who are of opinion, that 
ſhips will always be able to deſtroy a fort, on 
account that they have more guns within a 
leſs compaſs than any battery on land can 
have; and if the contrary happens, it is more 
owing to the cowardiſe of the commander, 


than to any thing elſe ; but this is a wrong 


notion, 
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notion, as we ſhall make appear. For ſup- 
poſe a firit rate man of war, which has three 


decks, and therefore may have perhaps four, 


five, or ſix guns to one; the chance of hitting 
the battery on account of the ſhip's motion, 
is not above three to one; and when the ſhot 
ſtrikes the parapet, it can do it but very 


little damage, excepting it ſhould hit a gun 


by chance, which it would diſmount ; but 


this is not fo eaſily done , conſidering the ſimall- 


neſs of the gun with regard to their intervals; 
it is certain not one gun in 30 will hit; 

whereas the battery may watch the opportu- 
nity, ſo as when the ſhip comes near and op- 
poſite, to make a general diſcharge with all 


the guns; where there will be not one that 
miſſes, and every ſhot will make its hole into 


the ſhip, and deſtroy all things that is in its 
way. From whence it may be concluded 
with juſtice, that ſhips are never able to de- 


ſtroy any fort, when it is conſtructed in the 


manner it ſhould be. 

If the nature of the ground is ſo as to ad- 
mit of making two batteries, one above the 
other, it thould not be neglected; the one 
nearly a level with the ſurface of the water, 
to fire in a horizontal direction, and the other 
to plunge i into the ſhips ; ſo that if the troops 

placed 
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placed on the lower, being well protected in 
the front by a high parapet, and covered 
above with arches or planks, it will not be in 
the power of ſhips to deſtroy them, as has 
been done heretofore. 

If there is any flates of ſand or rocks, near 
or within the entrance of a harbour, it will 
be very proper to build ſome tower or fort 
there, of ſeveral ſtories, well arched, ſo as 
to be bomb proof, in order to place ſeveral 
ranges of guns in them; but as the ſmoak 
might be troubleſome in the lower ſtories, I 
would make it open in the middle, that is, 
I would make two concentric walls, ſo that 
the arches of the roofs of the lower ſtories 

| might be quite open behind; and in caſe the 

enemy ſhould throw ſhells, and hit the up- 

| per battery, it might be fo contrived, that 
the ſhells may roll down the opening in the 
middle, without doing any damage. 

Fort St. Louis, in the road before the har- 
bour of Toulon, is ſuch a work, of a round 
form, built upon a rock within the water ; and 
the towers, called Egillette and Vignette, are 
places of the ſame nature in a ſquare form, 
built upon the necks of land o on both ſides of 
the mouth of the road. 
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It is the cuſtom of ſome modern engineers, 
when they build any fort or battery near the 
fea or navigable rivers, to make a parapet of 
three feet high only, in order to fire the guns 
en barbet; the reaſon they give for this prac- 
tice is, that they may point the guns which 
way they pleaſe, either down the river, to 
prevent the ſhips from approaching, deſtroy 
them when they are oppoſite, or firing after 
them in caſe they ſhould paſs. However ſpe- 
cious theſe reaſons appear at firſt, yet when 
it is rightly conſidered, it will be found that 
this practice is not ſo advantageous as they 
imagine. For if they fire at the ſhips when 
they are yet far off, they can do them but very 
little damage; and the advantage gained 
thereby, will not by far be equivalent to the 
danger they will themſelves be expoſed to, 
when the ſhips come near; fince one broad 
fide, together with the fire of the ſmall arms, 
will be ſufficient to kill or difable all thoſe 
which are on the battery. On the contrary, 
if the batteries are well covered in the front 


by a good parapet, and above by planks, or 


only fail-cloth, and made in ſuch a manner, 


as that ſome guns may be directed down the 


river, and others upwards ; this battery will 
have all the advantage which they can pre- 
5 tend 
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tend to gain by their practice, and none of its 
diſadvantages. 

Another method is alſo uſed, much more 
defective than this, which is, to build the 
parapets of brick or ſtone only, without any 
earth behind it; for as ſoon as the ſhips come 
once within reach of the fort or batteries, they 
may eaſily deſtroy this parapet, and the pieces 
of ſtones or bricks will be more dangerous 
to the defenders than the enemy's ſhot itſelf. 


And it has been found by experience, that 


nothing diſheartens troops placed behind a wall 


ſo much, as the pieces of ſtone flying about 


their ears; and therefore, ſuch a practice 
ſhould be avoided as much as poſhble ; be- 
ſides the adding 10 or 12 feet of earth only 
to the wall, will be but a trifling expence, 
and yet ſufficient to protect the troops from 
this danger. 


Having explained the methods of the moſt 


celebrated authors, and carefully examined 


their conſtructions, to the beſt of our judg- 
ment, without the leaſt partiality, we hope to 
have done all that is neceſſary to compleat 
the elementary part of fortification; which 


being well underſtood, will, I hope, be ſuf- 
ficient 


1 
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ficient for underſtanding the ſubject; and to 
leave nothing that might any ways contribute 
to the reader's ſatisfaction, we ſhall ſubjoin 
the following explanation of the principal 
terms uſed in fortification, by way of a dictio- 
nary, to which recourſe may be had, when 
there is any occaſion for it. 
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| | An Explanation of the principal terms 
* wuſed in Fortification, digeſted in an 


alphabeti cal manner, 


A. 


NGLE of the center of a polygon, 

; is formed by two radi drawn to the 

| extremities of the ſame fide. 

| Angle of the polygon, is made by the 

| concourſe of two adjacent ſides of a po- 

| lygon. 

| Angle of the flank, is made by the cur- 

| tain and the flank. | 
| Angleof the ſhoulder, is made by the face 

and flank of the baſtion. 

| Approaches, are a kind of roads or aff 

ges ſunk in the ground by the beſiegers, 

| whereby they approach the place under cov- 

| er of the fire from the gariſon. 

| Arrow, is a work placed at the faliant an- 

| gles of the glacis, and conſiſts of two pa- 

| rapets, each 40 toiſes long; this work has a 

| communication with the covert-way of about 

24 or zo feet broad, called caponier, and a 
ditch before it of 5 or 6 toiſes. 

P Aſſault, 


. | 
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Aſault, is a ſudden and violent attack W 
made uncovered, on the part of the rampat i 
where a breach has been made. | 

Attack, 1s the manner and diſpoſition made 
by an army or a great party, to drive out an 
enemy of a fortified place, or of any kind 
of ſtrong ſituation. 


B. 


Barbet, when the parapet of a work is but 
three feet high, or the breaſt-work of a bat- 
tery is only of that height, that the guns 


make embraſures, it is ſaid that the guns fire 
in barbet. 
Baſtion, 1s a part of the inner incloſure of 


field, and conſiſts of two faces, two flanks, 
and an opening towards the center of the place | 
called the gorge. 

A baſtion is ſaid to be full, when the lev- 
el ground within is even with the rampart, 
that is, when the inſide is quite level, the pi 
rapet being only more elevated than the reſt. 

And a baſtion is ſaid to be empty, whe 
the level ground within is much lower than 


the rampart, or that part next to the parapet, 
where 
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where the troops are placed to defend the 
baſtion. 


Banquette, is a kind of ſtep made on the 


rampart of a work near the parapet, for the 
troops to ſtand upon in order to fire over the 
parapet ; it is generally three feet high and 
as many broad, and 4- feet lower than 
the parapet, 

Battery, is a work made to place guns or 
mortars on it; it conſiſts of an epaulement 
or breaſt-work of about 8 feet high and 18 
or 20 thick; when it is made for guns, open- 
ings or embraſures are made in it, for the 
guns to fire through them. 


Berm, is a little ſpace or path of 6 or 


8 feet broad, between the ditch and the 
parapet, when it is only made of turf, to 
prevent the earth from rolling into the ditch, 
and ſerves likewiſe to paſs and repals, 

Blind, is two ſticks faſtened together by 
two ſpars of about 4 feet aſunder, they ſerve 
to cover the ſaps, or to keep up the earth on 
the ſides by placing faſcines behind them. 

Blockade, is the encompaſſing a fortified 
place with an army, ſo that it muſt either be 
ſtarved or ſurrender. ou 
Body of the place, although the buildings 
in a fortified place are properly ſaid to be the 
2 body 
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body of the place, yet the incloſure round 
them is generally underſtood by it: for it is 
ſaid, to conſtruct the body of the place, 
which means no more than to fortify or in- 
cloſe the place with baſtions and curtains. 

Bombs, is the name of the 1 which 
carry mortars, 

Bombardment, is when a great aber 
of ſhells are thrown into a place, to ruin and 
deſtroy the buildings. 

Bonnet, is a ſort of work placed before 
the ſaliant angle of the ravelin to cover it. 

Barracks, are thoſe piles of building: 


made on N to 8 the ſoldiers in 


them. 


Breach, is an opening made in a wall 
or rampart, with cannon or mines, ſuffici- 
ently wide for a body of troops to enter the 
works, and drive the beſieged out of it. 


C. 


Capital of a work, is an imaginary line 
which divides that work into two qual and 


fimilar parts. 
Capitulation, is the agreement made by 


the beſieged with the beſiegers, on what con- 
ditions the place 1 is to ſurrender, 
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Camp, is the ſpot of ground occupied by 


an army for a night or more, and where 
they pitch their tents. 

Caponier, is a paſſage made from one work 
to another, of 10 or 12 feet wide, covered 
on each ſide by a parapet, terminating in a 
ſlope or glacis. 

Thus when the ditch is dry, the paſſage 
from the curtain to the ravelin, or that from 
the covert-way to the arrow's or detached re- 
E douts, are called caponiers. 
b There are often ſingle parapets raiſed at 
the entrance of the ditch before the ravelin, 
= to place ſmall cannons and men behind them, 
= to diſpute the paſſage over that ditch ; which 
are likewiſe called caponiers. 

q Cavalier, is a work raiſed generally within 
the body of the place, ten or twelve feet 
higher than the reſt of the works. Their 
moſt common ſituation is within the baſti- 
on, and made much in the ſame form; 
ſometimes they are alſo placed in their gorges 
or on the middle of the curtain; they are 
then made in the form of a horſe ſhoe, only 
ſomewhat flatter. 

The uſe of cavaliers is, to command all 
the adjacent works and country about it ; they 
are ſeldom or never made but when there 
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is a hill or riſing ground which overlooks ſome 
of the works. 

Caſemate, is a work made under the ram- 
part, like a cellar or cave with loop-holes, to 
place guns in it. 

Chamade; when the governor of a place 
beſieged wants to capitulate, then the drums 
beat on the rampart next to the attack, which 
is called chamade. 

Cheveaux de Frize, large joiſts or beams 
ſtuck full of wooden pins armed withiron, to 
ſtop breaches, or to ſecure the paſſages of a 


camp, againft the,enemy's cavalry. 


Covert-way, is a ſpace five or fix toiſes 


broad, going quite round the works of 2 


fortification, and is adjoining to the counter. 
{carp of the ditches, covered by a parapet 7. 
feet high, terminating in an eaſy flope towards 
the field, at a diſtance of 20 toiſes, 

Center of the baſtion, is the point within 
where the two adjacent curtains produced in- 
terſect each other, 


Citadel, is a kind of fort or ſmall fortifica- 
tion of four, five, or ſix ſides, joined to towns, 
when the inhabitants are ſuſpected to be dil- 


affected to the government. 
Command, when a hill or riſing ground 
overlooks any work of a fortification, and 
18 
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OF FORFIFICATION. 


is within the reach of cannon ſhot ; this hill 
is ſaid to command that work. 

Chamber, 1s that place of a mine where 
the powder is lodged. 

Countermines, are the mines made with- 
in the fortification, either at the ſame time 
the place is fortified, or afterwards in the time 
of a ſiege. 

Counter ſcarp, is the outſide of a ditch, 
oppoſite to the parapet of the work behind 
the ditch; it is often ſaid, that the beſiegers 
have carried their lodgments upon the coun- 
terſcarp, Which means, ey are lodged on 
the covert-way. 

Counterguard, is a work placed before the 
baſtions to cover the oppoſite flanks from be- 
ing ſeen from the covert-way ; they are like- 
wiſe made before the ravelins. 

When they are placed before the baſtions, 
they are eſteemed to be of a very good de- 
fence. | 

Crown-work, is a kind of work not un- 
like a crown; it has two fronts and two bran- 


ches; the fronts are compoſed of two half 


baſtions and one whole one ; they are made 
before the curtain or the baſtion, and gene- 
rally ſerve to incloſe ſome buildings which 
cannot be brought within the body of the 
F4 place, 
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place, or to cover the town gates, or elſe to 


occupy a ſpot of ground, which might be 
advantageous to an enemy. 

Cordon, is a round projection made of ſtone, 
in a ſemi- circular form, whoſe diameter is 
about 8 inches, which reigns quite round 
the wall, within four feet from the upper 
part. 
Curtain, is the part of the body of the 
place, which joins the flank of one baſtion 
to that of the next. 

Cuvette, or rather Cunette, is a ſmall ditch 
of 10 or 12 feet broad, made in the mid- 
dle of a large dry ditch, ſerving as a retrench- 
ment to defend the ditch, or elſe to let wa- 
ter in it, when it can be had in the time of a 
ſiege. 

Counter forts, or Buttreſſes, are ſolids of 
maſonry, built behind walls, and joined to 
them, at 18 feet diſtance from center to 
center, in order to ſtrengthen it, eſpecially 
when it ſuſtains a rampart or terras. 


Communication, is a paſſage from one work 


to another, covered by a parapet on each le, 
ſee caponters, 
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OF FORTIFICATION. 


D. 


Decagon, is a polygon or fortification of ten 
ſides. 1 

Demi-lune, or Ravelin, is a work placed 
before the curtain to cover it, and prevent 
the flanks from being diſcovered ſideways 


it is made of two faces meeting in an out- 


ward angle. 

Detached baſtion, is that which is 9 
rated from the reſt of the body of the place, 
and is made in the ſame manner as thoſe 
which are joined to the body. Counter- 
guards with flanks are alſo called detached 


Detached redout, is a work made at ſome 


| diſtance from the covert-way, much in the 
| ſame manner as a ravelin with flanks. 


Ditch, is a large deep trench made round 


each work, and the earth dug out of it, ſerves 
to raiſe the rampart and parapet. 


Dodecagon, is a figure or fortification of 


twelve ſides. 


baſtions, as in M. Vauban's ſecond and third 
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E. 


Eſcarp, is properly any thing high and 


{teep, and is uſed in fortification to expreſ; 


the outſide of the rampart of any work next 


to the ditch, as being high and ſteep. 


Embraſures, are openings made in the 
flanks of a fortification, or in the breaſt-work 
of a battery, of about 2; feet within, 8 o 
9 without, and 3 from the bottom, for the 
guns to enter partly, and to fire through. 

Enfilade, a work is ſaid to be enfiladed, 
when a gun may fire into it, ſo that the 
ſhot may go all along the inſide of the px 
rapet. 

Epaulement, is a kind of breaſt-work t 
cover the troops in front and ſometimes un 
flank, | | 
In a ſiege, the beſiegers raiſe generally an 
epaulement of g or 10 feet high, near the 
entrance of the approaches to cover the ca- 
valry, which is placed there to ſupport the 
guard of the trenches, 

Eſplanade, is an open ſpace between the 
citadel and town, . to prevent an enemy from 
making approaches under cover after he i 
maſter of the place, 

| 5 


f OF FORTIFICAT ION. 

. Enneagon, is a nine-fided figure or forti- 
cation. 

Eytagon, a ſeven- ſided one. 

Exagon, a ſix-ſided one, 


* 


| diſtance or 1maginary line drawn from one 
1 of the baſtion to that of the next. 


F. 


Faces, of the baſtion, are the two ſides 
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the field. 


Faces, of any work, are thoſe parts where 
che rampart is made, making an 1 angle — 
ing outwards, 

Faſcine, a kind of faggot made of branches 
tied in two or more places of about 6 or 8 
inches diameter. 

They ſerve to keep up the earth in trenches, 
as likewiſe in batteries, inſtead of ſtone or 
brick walls. 

When they are uſed in raiſing batteries, 
they are generally 16 feet long; and are 
then called Sauciſons. 

Fauſſ-bray, is a low rampart going quite 
round the body of the place, their height 
is about 3 feet at moſt above the level ground; 


9. 


Ms eee 


Exterior fide of a fortification, is the 


which meet in an angle e towards 


and 
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and its parapet is about 4 or 5 toiſes di. WW 7 

ſtance from that of the body of the place. i Mon 

Theſe works have been entirely rejected by 105 ©) 

the modern engineers, excepting M. Vauban, I that 

who makes them only before the curtains, J and 

and then they are called tenailles. [ modi 

Flank, in general, is a part of a work 4 ſortit 
which defends another work along the out-. F 


ſide of its parapet. 

Flank of the baſtion, is the part between 
the face and curtain ; the flank of one baſtion 
ſerves to defend the ditch before the curtain, 


and face of the oppoſite baſtion. E 

Flank (concave) is that which is made week 
in an arc of a circle. troop 

Flank (retired) is that which is made be- F 
hind the line, which joins the extremity of the p 
the face and the curtain, towards the capi- as th, 
tal of the baſtion, M. Yauban makes his Fo 
5 toiſes from that line, others more or leis, under 
as it happens. | der th 

Flanking, is the fans thing in fortifica - F 
tion as defending. ap horiz 

Flank (direct or graſing) is that which is part 1 
perpendicular to the oppoſite face produced; Ml taken 
and oblique or fiſhant, when it makes an acute W 
angle with that face, | often 


Flans 
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OF FORTIFICATION. 
Flank (ſecond) when the face of a ba- 


ſtion produced, does not meet the curtain at 
its extremity, but in ſome other point; then 
that part of the curtain between that point 


and the flank, is called ſecond flank, The 


modern engineers have bh this way of 
1 fortifying. 


Fort, is a ſmall fortification, made in a 
ts near a river, or at ſome diſtance from 
| a fortified town; to guard the paſs, or to 


E . L crevent the approach of ſhips, or an enemy 


by land. 
Fortification, is a general name for any 
work made to oppoſe a ſmall number of 


troops againſt a greater. 


Fourneau, is the place of a mine, where 


the powder is lodged, and is the ſame thing 


Jas the chamber of a mine. 


Fougaſs, is a ſmall mine, from 6 to 8 feet 


under ground; they are generally placed un- 
der the glacis or dry ditches. 


Fraiſe, a kind of ſtakes or paliſſades LIE 


horizontally on the outward flope of a ram- 
| part made of turf, to prevent the work being 
taken by ſurpriſe. 


When an army retrenches itſelf, they 


often fraiſe the parapets of their retrench- 


ments in the parts moſt expoſed of being at- 


W tacked, Fuſe, 
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| Fuſe, is the piece of wood drove into 
grenades or ſhells, being hollow and filled 


01 
with mealed powder, by which the grenade 0 
or ſhell is fired. 4 
. the 
| | 
Gabion, is a cylindric baſket open at the 
both ends, of about 3 feet wide, and a; ran 
much in height ; they ſerve in fieges to carry ſcat 
on the approaches under cover, when they 
come pretty near the fortification. dia 
Gabion, (ſtuft) is made in the ſame man. po 
ner as the former, they are only filled with am 
all ſorts of branches and ſmall wood, and are ſet 
5 or 6 feet long; they ſerve to roll before the 
workmen in the trenches, to cover them in 
front againſt muſket-ſhot 
Gallery, is the paſſage made under ground | 
leading to the mines; they are from 4 - to twe 
5 feet high, and about 4 feet broad; the hal 
earth above is ſupported by wooden frame of 
with boards over them. 85 anc 
j Gariſon, a body of troops compoſed af 
Fl! horſe and foot, placed in a fortification to 
l, guard it in time of peace, and to defend i chi 
0 | in time of war, in caſe an enemy ſhould car 
l attack it. pre 


Glari, 
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Glacis, is that part of a fortification be- 
yond the covert-way, to which it ſerves as 
a parapet, and terminates towards the field in 
an eaſy {lope at about 20 toiſes diſtance. 

Gorge, of a baſtion, is the interval between 
the extremity of one flank to that of the other. 
Gorge, of any work, is that part next to 
the body of the place, where there is no 
rampart or parapet ; that 1s, at the counter- 
{carp of the ditch. | 

Grenade, 1s an iron ball of about 4 inches 
diameter hollow within ; which is filled with 
powder, to be thrown by the grenadiers 
amongſt the enemy in an attack, after having 


ſet fire to the fuſee that it may burſt. 


HH. 


Hormwork, is compoſed of a front and 
two branches; the front is made into two 


half baſtions and a curtain: this work is 


of the nature of a crown-work, only ſmaller 
and ferves for the ſame purpoſes. 
 Half-moon ; fee Demilune. 


Hurtor, is a piece of timber about 6 in- 


ches ſquare, placed before the wheels of a 
carriage, againſt the parapet of a battery, to 
prevent the wheels from doing damage to 
the Parapet. 


| . 
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Inſult, a work is ſaid to be inſulted 
when it is attacked ſuddenly and openly, 

Inveſting a place, is to ſurround it with 
troops, ſo as to prevent any thing to enter 


the place, or to be carried out of it: it is 


the firſt operation of a ſiege. 

Interior fide of a fortification, is the ima- 
ginary line drawn from the center of one ba- 
ſtion to that of the next, or rather the curtain 
produced to the centers of the baſtions. 


* 


Line of defence, is the diſtance between 
the faliant angle of the baſtion, and the 
oppoſite flank ; that is, it is the face pro- 
duced to the flank. 

Line of circumvallation, is the work or 
retrenchment made about an army which 
befieges a place, to ſecure it againſt any in- 


ſult from without; it is made of a parapet 


with a ditch before it, and at every 120 


toiſes or thereabout, the parapet projects out- 


wards in an angle; this projection is called 
a Redan, and ſerves to flank or defend the 


other parts, 
Line 
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Line of countervallation, is the work 
made by an army which beſieges a place 
between their camp. and the town, to cover 
it againſt any enterpriſe of the gariſon; it is 
made much after the ſame manner as the 
line of circumvallation, only in a contrary 
diſpoſition, 

Line, is alſo the name of the works made 
by an army from one town or ſtrong poſt 
to another, behind which it is encamped, to 
= guard a part of the country. 

Line of counter-approath, is a Kind of 
trench made by the gariſon when beſieged, 
going from the corert-Way in a right line, 
ſo as part of the enemy's approvebs! may 
be enfiladed from thence. 

Ladgment, is the work made by the be- 
ſiegers in ſome parts of a fortification, after 
the beſieged have been drove out, to main- 
tain it. 


Loop-holes, are ſquare or oblong holes 
made in the wall, to fire de wich 
muſkets. Fo 

Lunetfes, are warke made on beth fides 
of a ravelin; one of their faces is perpen- 
dicular to half or two thirds of the faces of 


of the baſtions. 2 
„ Tunettes 


the tavelin, and the other ay ſo to thoſe 
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Lunettes, are alſo works made beyond 


the ſecond ditch, oppoſite to che places of | 
arms; they differ from the ravelins only 1 in 


their itgation. 


M. 


Mantlet, is a kind of moving parapet 


made of ftrong planks, about 4 feet long 
and 3 high, mounted upon two wheels, 
with a long pole. fixed to it; they ſerve to 
cover the ns. cm in the front again muſket- 
ſhot. ny 

Mine, is a kind of: lodgment Wade un- 
der ground to place powder in it, which is 
ſet on fire, in order to blow up the/dvorks 
above it; the difference between mines and 
countermines is, that the firſt are made by 
the beſiegers, and the latter by the beſieged, 
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© Ondecagon, an eleverdided one. 

Orillon, is a part of the baſtion py the 
thoulder, which ſerves to cover the retired 12 
from 0 LY ſeen . —— 
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OF FORTIFICATION. 
Orgues, many harquebuſſes linked together, 


or divers muſket barrels laid in a row, ſo 
that they may be diſcharged either all at once 


or ſeparately ; ; alſo long and thick pieces of 
wood with iron plates at the end, hung over 


a gate, to p it up med of a * 
cullice. 


F. 


Paliſades, are a kind of ſtakes made of 
ſtrong ſplit wood of about ꝗ feet long, fixed 
3 feet deep in the ground in rows about 6 


| inches aſunder; they are placed in the covert- 


way at 3 feet from, and parallel to the parapet 
or ridge of the glacis, to ſecure it from being 
ſurpriſed. ub 
Parapet, is a part of the rampart of a 
work, of 18 or 20 feet broad, and raiſed 
6 or 7 feet above the reſt of the rampart ; 


it ſerves to cover the troops, placed there to 


defend the work, againſt the fire of the 
enemy. 

Parallels, or places of arms, are deep 
trenches 15 or 18 feet wide, joining the 
ſeveral attacks together ; they ſerve to place 
the guard of the trenches in, to be at 
hand to ſupport the workmen when attacked. 
There 
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There are generally three in an attack ; the 
firſt is about 300 toiſes from the covert-way, 
the ſecond 160, and the third near or on 
the glacis; they were firſt YON or uſed 
by M. Vauban. 


Petard, is a kind of a braſs pot fixed 


upon a ſtrong ſquare plank, which has an 
iron hook to fix it againſt a gate or paliſ- 
fades; this pot is filled with powder, which 
when fired, breaks every thing about it, and 
thereby makes an opening for an enemy to 
enter the place, 

Port- cullice, is a Gilling gate or door like 
a harrow, hung over the gates of fortified 


places, and let down to ep out the 


enemy. 
Place, is commonly uſed in fortification 


| Inftead of a fortified town. 
Place of arms, of the covert-way, is 2 


part of it, oppoſite to the re-entring angle 
of the counterſcarp, projecting a 7 in 
an angle. 


Places of arms, in an attack; fre pa- 
rallels. 

Plat: form, is a floor made of ſtrong planks, 
laid upon joiſts, on a battery, to place the 
guns or mortars upon, in order to prevent 


the wheels or mortar-bed from ſinking in the 


ground, | | J R. 


te 
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R. 


Rampart, is an elevation of earth raiſed 
along the faces of any work, of 10 or 15 
feet high, to cover the inner part of that 
work againſt the fire of an enemy. 

Rams-horns, are a kind of low work made 
in the ditch of a circular arc; they were 
invented by M. Belidor, and ſerve inſtead of 
tenailles. 1525 

Re- entring angle, is that which turns its 
point towards the center of the place. 
| Ravelin, See demi-lune. 

Redans. See line of circumvallation. 


KRedout, is a kind of work placed beyond 


the Fach, of various forms. 

Redout, is alſo the name of a ſmall work 
made in a ravelin, of the ſame form. 

Redout, is likewiſe a ſquare work without 
any baſtions, placed at ſome diſtance from 
a fortification, to guard a paſs, or to prevent 
an enemy from approaching that way. 

Revetement, is a ſtrong wall built on the 
outſide of the rampart and parapet, to ſup- 


port the earth, and prevent its rolling into 
the ditch. 


Ricochet, when guns are loaded with ſmall 


charges, and are elevated from 10 to 12 de- 
: grees, 
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grees, ſo as to fire over the parapet, and the 
ſhot rolls along the oppoſite rampart; it is 
called ricochet firing, and the batteries are 
likewiſe called ricochet batteries. 


8. 


Sally, is when a party of a gariſon goes 
out privately, and falls ſuddenly on the be- 
ſiegers in their trenches, endeavquring to 
drive them out and deſtroy their works. 

Saliant angle, is that whoſe point turns 
from the center of the place. 

Second ditch, is that which i is __ on 
the outſide of the glacis, when the ground 
is low and water to be had. 

Second covert-way, is that which i is made 
beyond the ſecond ditch. _ 

Sap, is a trench, or an approach made 
under cover of 10 or 12 feet broad, when 
the beſiegers come near the place, and their 
fire grows ſo dangerous, as not to be approach: 


ed uncovered. 


Siege, is when an army approaches a for- 
tified place, and ſurrounds it on all ſides 
endeavouring to oblige the gariſon to ſur- 
render, either by deſtroying the works of 
the on. or thoſe which defend them. 

Sau- 
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OF FORTIFICAT ION. 
Sauciſſon, is a long pipe or bag, made 
of cloth or leather, of about an inch and 


a half diameter, filled with powder, going 


from the chamber of a mine to the entrance 
of the- gallery; it . to give Me to the 
mine. 

Sancta, ! 18 likewiſe a faſeine W hb 
than. the common ones ; they ſerve to raiſe 
. and to repair breaches. 5 
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Talud, or ſlope, is made to the works 
of a fortification, both on the outſide and 
inſide, to 5 tlic earth en rolling 
wann 5 | 

Traverſe, is a ERIN made al the 


e oppoſite to the ſaliant angles of 


the works and ncar the places of arms, to 
prevent enfilades; they are 18 feet thick, 


q and as high as the ridge of the glacis. There 
are alſo traverſes ade, 1 in the caponiers, but 


then they are called rambour. 

Traverſes, are likewiſe made within other 
works, when there are any hills or riſing 
grounds, which may ſee the ite of theſe 
works. 


T enailles, 
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THE ELEMENTS 
* Tenailles, are low works made in the ditch 


before the curtains; there are three ſorts, 


vi. The firſt are the faces of the ba- 


ſtions produced, till they meet, but much 
lower; the ſecond have faces, flanks, and 
a curtain; and the third, have ony faces 
and . | 

Tenaillons, are wats made on 55 ſide 
of the ravelin, much like the lunettes; they 
differ, in that one of the faces of a tenail. 
lon is in the direction of the face of the 
ravelin ; whereas that of the lunette 1 is per. 
pendicular RT 

Tower baſtions, ſmall towers Ae in the 


of baſtions by M. Vauban, in his ſe- 


cond and third method; with rooms « 


cellars underneath, to place men and 8 in 


them. 
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